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SECTION    I.- 

Of  the  Motion  of  Bodies  that  are  rC'- 
fified  in  the  ratio  of  the  Fehcity. 

Proposition  I.     Theorem  I. 
If  a  body  Is  fejiftedin  the  ratio  of  its  velocity 
the  motion  lojl  by  reftfiance  is  as  thefp/d 
gone  over  in  its  motion. 

|OR  fince  the  motion  loft  in  each  equal 

particle   of  time  is  as  the  velocity,    that 

»$,    as  the   particle  of  fpace    gone  over  ; 

,  — -r-,  *"*''>  ^y  cornpofition,  the  motion  loft  in 

the   whole   time  •will  be    as   the  whole  fpace  cone 

over.    Q^E.J},        "  -  ^       *> 

-Vo  L.  II,  B  COK. 
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Cor.  Therefore  if  the  body,  deftkute  of  all  gravity, 
move  by  its  innate  force  only  in  free  fpaces,  and  there 
be  given  both  its  whole  motion  at  the  beginning,  and 
alfo  the  motion  remaining  after  Ibme  part  of  the  way 
is  gone  over ;  there  will  be  given  alfo  the  whole  fpdce 
which  the  body  can  defcribe  in  an  infinite  time.  For 
that  (pace  will  be  to  the  fpace  now  defcribed>  as  the 
whole  motion  at  the  beginning  is  to  the  part  loft  of 
that  motion. 

Lemma   I. 

§luantities  proportional  to  their  differences  are 
continually  proportional. 

Let  A  be  to -^— J?  as  B  to  B--C  and  C  to  C^^D, 
&c.  ind,  by  converfjpn,  A  will  be  to  B  as  2  to  C 
and  Cto  D,  &c.     Q^E.D. 

Proppsition  II.     Theorem  II. 

If  a  body  is  rejijied  in  the  ratio  of  its  velocity^ 
and  moves^  by  its  vis  infita  only^  through  a 
fimilarmediumy  and  the  times  be  taken  equals 
the  "Velocities  in  the  beginning  of  each  of  the 
times  are  in  a  geometrical progreffion,  and  the 
fpaces  defcribed  in  each  of  the  times  are  as 
the  velocities. 

Case  i.  Let  the  time  be  divided  into  equal  particles; 
and  if  at  the  very  beginning  of  each  particle  we  fup^ 
pofe  the  refinance  to  ad  with  one  (ingle  impul/e 
which  is  as  the  velocity ;  the  decrement  of  the  velo- 
city in  each  of  the  particles  of  time  will  be  as  the  fame 
velocity.  Therefore  the  velocities  are  proportional  to 
their  differences,  and  therefore  (by  Lein.  i.  Book  t.) 

V^  "      "  "  '  con- 
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continually  proportional.  Therefore  if  out  of  an  equal 
number  of  particles  there  be  compounded  any  equal 
portions  of  time,  the  velocities  at  the  beginning  of 
thofe  times  will  be  as  terms  in  a  continued  prog^eBIon^ 
which  are  taken  by  intervals,  omitting  every  where 
an  equal  ntimber  of  intermediate  terms.  But  the  ra- 
tio's of  thefe  terms  are  compounded  of  the  equal  ratio's 
of  the  intermediate  terms  equally  repeated  ;  and  there- 
fore are  equal.  Therefore  the  velocities,  being  pro- 
portional to  thofe  terms,  are  in  geometrical  progreffion. 
Let  thofe  equal  particles  of  time  be  diminiOied,  and 
their  number  increafed  in  infimtum^  fo  that  the  impulfc 
of  refiftance  may  become  continual ;  and  the  veloci- 
ties at  the  beginnings  of  equal  times,  always  continu- 
ally proportional,  will  be  alfo  in  this  cafe  continually 
proportional.     O.  E.  D. 

Case  z.  And,  by  divifion,  the  differences  of  the 
velocities,  that  is,  the  parts  of  the  velocities  loft  in 
each  of  the  times,  are  as  the  wholes  :  But  the  fpaccs 
defcribed  in  each  of  the  times  arc  as  the  loft  parts  of 
the  velocities,  (by  Prop.  r.  Book  2.)  and  therefore  arc 
alfo  as  the  wholes.     O.  E.  D. 

CoROL.  H^iceif  tathcreftangular  afymptotes'-^fC, 
CH,  the  Hyperbola  BGi%  defcribed,  and  ABy  DG  he 
drawn  perpendicular  to  the  afymptorc  ^  C,  and  both 
the  velocity  of  the  body,  and  the  refiftance  of  the  me- 
dium, at  the  very  beginning  of  the  motion,  be  ex- 
prefs'd  by  any  given  line  ^C,  and  after  fome  time  is 
clapfed,  by  the  indefinite  line  D  C;  the  time  may  be 
exprefs'd  by  the  area  ^B  G  £>,  and  the  fpace  defcri- 
bed in  that  time  by  the  line  AD.  For  if  that  area, 
by  the  motion  of  the  point  Z>,  be  uniformly  increafed 
in  the  fame  manner  as  the  time,  the  right  line  D  C  will 
dccreafe  in  a  geometrical  ratio  in  the  fame  manner  a$ 
the  velocity,  and  the  parts  of  the  right  line\^G,  de^ 
foibc4mtqaji^kies>  willdecreafe  in  thcfwaac/m^ 
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Proposition  IIL     Problem  I. 

To  define  the  motion  of  a  body  which y    in  dz 
fimilar  wediuntj  afcends  or  defcends  in  a  right 
line  J  and  is  refifled  in  the  ratio  of  its  velocity  ^ 
and  a&edtipon  by  an  uniform  force  of  gravity. 

The  body  afcending,  let  the  gravity  be  expound- 
ed by  any  given  rcdangle  BA  CH;  and  the  ircfiftancc 
of  the  medium^  at  the  beginning  of  the  afccnt,  by  the 
jedangle  BjiDEj  taken  on  the  contrary  fide  of  the 
right  line  -^5.  :  Through    the  point  B,    with   the 
rcftangular  afymptotcs  AC,  C7/,  defcribe  an  Hyperbola, 
cutting  the  perpendiculars  D£,  dcy  itiGygi  and   the 
body  afcending   will  in  the  time  DGgd  defcribe  the 
fpace  EG  gey  in  the  iimt  DGBA^  the  fpace  of  the 
"whole  afccnt  EGB  ;  in  the  time  ABKIj  the  fpace  of 
defcent  BFK;  and  in  the  time  IKkJ  the  fpace. of  de- 
fctvii  KFfkj  and  the  velocities  of  the  bodies  (propor- 
tional to  the  rcfiftance   of  the  medium^  in  thcfe  pe- 
riods of  time,   will  be^5£.P,  ABed^Oy  ABFIy 
ABfi  refpeftively ;  and  the  greatcft  velocity  which 
the  body  can  acquire  by  defcending,  will  ht  BACH. 

For  let  the  re^angle  BACH  be  refolved  into  innu- 
merable reftangles  Ak^^  Kl^  Lm,  Mn^  t!rc^  which 
fhall  be  as  the  increments  of  the  velocities  produced  in 
io  many  equal  rimes ;  then  will  o,  Ak^  Ak  Am»  An^ 
&c.  be  as  the  whole  velocities,  and  therefore  (by  fup- 
pofirion;  as  the  refiftanccs  of  the  medium  in  the  be- 
ginning of  each  of  the  equal  times.  Make  AC  to 
AK^  or  ABHC  to  ABk^K  as  the  force  of  gravity 
to  the  rcfiftance  in  the  beginning  of  the  fecond  time; 
then  from  the  force  of  gravity  fubduA  the  refiflances, 
mdABHC,  Kk^HCy  LIHC,  MmHC,&Cc.  willbe 
as  the  abfolute  forces  with  which  the  body  is  xiftcd 
upoii  in  the  beginning  of  each  of  the  times,  tnd  there- 

^  fore 
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fore  (by  Law  2)  as  the  increments,  of  the  velocities, 
that  is,  as  the  reftangles  ^1^^  KL  Lm^  Afn^  &c.  and 
therefore  (by  Lenn.  i.  Book  2.)  in  a  geometrical  pro- 
grcffipn.  Therefore  if  the  right  lines  Kk,^  Lly  Mw^ 
Nny  ice,  are  produced  fo  as  to  meet  the  Hyperbola  in 
f ,  r, /,  tj (^c^  the  areas  JlBcj K^  Kq r  L^Lrs  Al^  MstNy 
&c.  will  be  equal,  and  therefore  analogous  to  the  equal 
times  and  equal  gravitating  forces.  But  the  area yiBqK 
(by  Corol.  3.  Lem.7  &  8:  Book  i.)  is  to  the  area  Bk^q 
as  Kq  to  ~  kqt  or  j4C  to  ^  jjKy  that  is  as  the  force 
of  gravity  -to  thie  rcfiftanc^  in  the  middle  of  the'  fir (l 
time.  And  by.  the  like  rcafoning  the  areas  qKLr^ 
rLMs,  sMNti  &c.  are  to  the  areas  qkjr,  rims, 
smnt^  Sec.  as  the  gravitating  forces  to  the  refiftances 
in  the  middle  of  the  fecond,  third,  fourth  time,  and 
fo  on.  Therefore  fince  the  equal  areas  BjIKq^  q  KL  r, 
rLMSf  sMNty  &c.  are  analogous  to  the  gravitating 
forces,  the  areas  Bksi^  ^k}^*  rlmsy  smnt.  Sec.  will 
be  analogous-, to  the  refiftances  in  the  middle  of  each  of 
the  times,  that  is  (by  fuppofition)  to  the  velocities, 
and  fo  to  the  fpaces  defcribed.  Take  the  funris  of  the 
analogous  quantities,  and  the  areas  Bkj},  Blry  Bmsy 
inty  dec.  will  be  analogous  to  the  whole  fpaces  defcri- 
bed;  and  alfo  the  areas  ^  S  ^  iT,  ^  S  r  L,  ^  5  i  y^,  ^  B  /  M 
&c.  to  the  times.  Therefore  the  body,  in  defcending, 
vill  in  anytime  ABr L^  defcribe  the  fpacc  Blr,  and 
in  the  time  LrtN  thefpace  r/»r.  Q^E.D,  And 
the  like  demonftration  holds  in  afcending  motion. 

CoROL.  I.  Therefore  the  greateft  velocity  that  the 
body  can  acquire  by  falling,  is  tothc  velocity  acquired 
in  any  given  time,  as  the  given  force  of  gravity  which 
pcrpetpally  ads  upon  it,  to  the  refitting  force  which 
•ppofes  it  at  the  end  of  that  time.  ^   , 

Corol.  2.  But  the  tinie  being  augmented^in  an  arith- 
metical progrcflion,  the  fum  of  that  greateft  velocity 
and  the  velocity  in  the  afceit,  and  alfo  their  difference 
in  thcdefcent,  decreafcs  in  a  geometrical  progrcfGon. 
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'C0ROL.3.  Alfo  the  diiFerences  of  the  fpaccs,  which 
:afe  defcribed  in  equal  differences  of  the  times,  decreafe 

in  the  fanne  geometrical  progreflion. 
'  Cp-RpL.  4.  The  fpace  defcribed  by  the  body  is  the 

difference  of  two  fpaces,  whereof  one  is  as  the  time 
^taken  from  the  beginning  of  the  defcent,  and  the  other 

as  the  velocity  ;  which  [fpaces]  alfo  at  the  beginning 

of  the  defcent  are  equal  among  themfelves. 

.Proposition  IV.     Problem  II. 

SufppJJtJg  the  force  of  gravity  in  any  fimilat  me- 
Sim  to  be  uniform^  and  to  tend  perpendicu- 
larly to  the  ptafie  of  the  horizon  i  to  define 
the  motion  of  a  projeBile  thereiuy  which  fuf - 
fers  rejiftance proportional  to  its  velocity. 

Let  the  projeftile  go  from  any  place  D  in  the  di- 
/eftion  of  any  right  fine  DP,  and  let  its  velocity  ac 
th6   beginning  of  the  motion  be  expounded  by    the 
length  DP.     From  the  point  P  let  fall  the  perpendicu- 
lar /*C  on  the  horizontal  line  PC,  and  cut  PCin  ^, 
fo  that  DA  may  be  to  AC  as  the  refJflance  of  the  me- 
dium arifing  from  its  motion  upwards  at  the  begin- 
ning, to  the  force  of  gravity  :  or  (which  comes  to  the 
fame)   fo  that  the  reftangle  under  DA  and  DP  may 
be   to  that  under  A  C  and   C/>,    as  the  whole  n- 
ilflance  at  the  beginning  of  the  motion  to  the  force  of 
gravity.     With  the  afymptotes  2?C,  CP  defcribe  any 
Hyperbola  GTB  S  cutting  the  perpendiculars  D  G,  AB 
in  G  and  B ;  compleat  the  parallelogram  DGKQ  and 
let  its  fide  GK  cue  AB  in  a     Take  a  line  N  in 
the  fame  ratio  to  QB  as  D  C  is  in  to  CP  ;  and  from 
any  point  R  of  the  right  line  DC,  creft  ieTpcrpcn* 
dicular  to  it,  meeting  the 'Hyperbola  in  T,  and  the  right 
lines  EH,  GK,  DP  in  /, t,  and  Tj  in  that  pcrpendi- 
-         -  cujar 
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t  (^  nr 
cular  take  Vr  equal  to  —   ,  or,  which  is  the  fame 

N 

thing,  take  If  r  equal  to  — -- — ;  and  the  projcftile  in 

the  time  DRTG  will  arrive  at  the  point  r,  defcri- 
bing  the  curve  line  DraFy  the  locus  of  the  point  r  j 
thence  it  will  come  to  its  greateft  height  a  in  the  per- 
pendicular jiB  y  and  afterwards  ever  approach  to 
die  afymptote  P  C.  And  its  velocity  in  any  point  r 
will  be  as  the  tangent  r  L  to  the  curve.  Q^  E.  I. 
For  N  is  to  jgS  as  jDC  to  CP  or  DR  to  RK  and 

therefore  R  Vis  equal  to rT=^>  and  Rr  (that  is, 

N 

f.V  —Vr  y    or  ^^j 1    IS   equal  to 

■         .    Now  let  the  time  be  expounded 

by  the  area  RDGT,  and  (by  Laws  Cor, i.)  diftinguifli 
the  motion  of  the  body  into  two  others,  one  of  afcenr, 
the  other  lateral.  And  (ince  the  redftance  is  as  the 
motion,  let  that  alfo  be  diftinguiihed  into  two  parts 
proportional  and  contrary  to  the  parts  of  the  motion  : 
and  therefore  the  length  defcribed  by  the  lateral  motion, 
will  be  (by  Prop.  z.  Book  i.)  asthelin^  Z)if,  and  the 
height  (by  Prop.  g.  Book  i.)  as  the  area  DRxAB — ► 
KDGTy  that  is,  as  the  line  ^n  But  in  the  very  be- 
ginning of  the  motion  the  area  ^DG7*  is  equal  to 
thereftangle  D^x^^  and  therefore  that  line   Rr 

(or ^  I  will  then  be  to  DR  as 

Al—AQoT  Q^B  to  N,  that  is,  as  CP  to  D  C;  and 
therefore  as  the  motion  upwards  to  the  motion  length* 
wife  at  the  beginning.  Since  therefore  Rr  is  always  as 
the  height,  and  DR  always  as  the  length,  and  ^r  is  to 
A^^i  the  beginning,  as  the  height  to  the  length :  it 
B  4  —    -         follows, 
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follows,  that  Rr  is  always  to  DR  z%  the  height  to  the 
length  ;  and  therefore  that  the  body  will  move  in 
the  line  DraF,  which  is  the  locus  of  the  point  r. 
O.E.D. 

Cor.  I.  Therefore  ^r  is  equal  to  — tt—  — 

N 

RDGT 

— -~ —  ;  and  therefore  if  .R  T  be  produced  to  Xy  fo 

D  R  X  ^  a 

that  i?X  may  be  equal  to — — -,  that  is^  if  the  pa- 

rallelogram  ^CPT  !;«5l:ompleated,  and  D  T  cutting  CP  lA 
Z  be  drawn,  and  ^§L5(^be  produced  till  it  meets  D  Tin  JT;  Xr 

will  be  equal  to  — -- —  i  and  therefore  proportional  to 

the  time. 

Cor.  2.  Whence  if  innumerable  lines  CR,  or, 
which  is  the  fame,  innumerable  lines  ZX^  be  taken 
in  a  geometrical  progreffion ;  there  will  be  as  many 
lines  Xr  in  an  arithmetical  progreffion.  And  hence 
the  curve  DraF  is  eafily  delineated  by  the  Table  of 
Logarithms. 

Cor.  3 .  If  a  Parabola  be  conftrufted  to  the  vertex  JD, 
and  the  diameter  D  G,  produced  downwards,  and  its 
latus  reftum  is  to  2  D  P  as  the  whole  rcfiftance  at  the  be- 
ginning of  the  motion  to  the  gravitating  force :  the 
velocity  "with  which  the  body  ought  to  go  from  the 
place  A  in  the  diredion  of  the  right  line  DPy  fo  as  in 
an  uniform  refitting  medium  to  defcribe  the  curve 
DraF,  will  be  the  fame  as  that  with  which  it  oughc 
to  go  from  the  fame  place  D,  in  the  diredion  of  the 
fame  right  line  D  P,  fo  as  to  defcribe  a  Parabola  in  a 
non-refifting  medium.  For  the  latus  rcftum  of  this 
Parabola,  at  the  very  beginning  of  the   motion,   is 

-7—  ;  and  f^r  is  -rrr-  or  rr-*     But  a  right 

rr  N  zN  '^ 

line. 
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line,  which,  if  drawn,  would  touch  the  Hyperbola 
GTS'iti  Gy  is  parallel  to  DAT,  and  therefore   Tt  is 

—         ,  and  N  is  ^       —  :   And  therefore  f^r  is 
x/  C  C  " 

cqualto  — — — — — r-,  that  is,    (bccaufe  D^  and 

Df/"*  xCKxCP 
JDC,  DVixADP  are  proportionals)  to  — ^r— — -— -; 

,    ,    ,  ^       jDr»  iDP^xQB 

and  the  latus  rectum  — -; —  comes  out      -^    ^T^-t 

that  is,  (becaufc  jgjB  and  Cif,  D^  and  -/^  C  are  pro- 

portional)  — — - — zr^»  and  therefore  is  to  2  DP,  as 

DPxDji  to CPxAC I  that  is,  as  the  refiftance  to  the 
gravity.     Q.  E.  D. 

Cor.  4.  Hence  if  a  body  be  projeded  from  any 
place  Z),  with  a  given  velocity,  in  the  diredion  of 
a  right  line  D  P  given  bv  pofition ;  and  the  refiftance 
of  the  medium,  at  the  begbning  of  the  motion,  be 
^ivcn:  the  curve  DraFy  which  that  body  will  de- 
Icribc,  may  be  found.  For  the  velocity  being  given* 
the  latus  redum  of  the  parabola  is  given,  as  is  well 
known.  And  taking  iDPto  that  latus  redum, as  the 
force  of  gravity  to  the  refilling  force,  D  P  is  alfo  given. 
Then  cutting  DC  in  A,  fo  that  CP  x  jiC  may  be 
to  DPxVA  in  the  fame  ratio  of  the  gravity  to  the 
refiftance,  the  point  ji  will  be  given.  And  hence  the 
curve  DraF'n  alfo  given. 

Cor.  j-.  And  on  the  contrary,  if  the  curve  DtmF 
be  given,  there  will  be  given  both  the  velocity  of  the 
body,  and  the  refiftance  of  the  medium  in  each  of  the 
places  r.  For  the  ratio  of  CP  x  AC  to  DPxDA 
being  given,  there  is  given  both  the  refiftance  of  the 
medium  at  the  beginning  of  the  motion,  and  the  latus 
rcftum  of  the  parabola  s  and  thcpcc  the  velocity  at  the 
'  ""    "  ^  -     ^  bcgin- 
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beginning  of  the  motion  is  given  alfo.    Then  fronci 
the  length  of  the  tangent  rL»  there  is  given  both  the 
velocity  proportional  to  it*  and  the  rchftance  proper-- 
tional  to  the  velocity  in  any  place  r. 

Cor.  6.  But  fince  the  length  iDP  is  to  the  latixs 
reftum  of  the  parabola  as  the  gravity  to  the  refiftance 
in  D;  and,  from  the  velocity  augmented,  the  refiftance 
is  augmented  in  the  fame  ratio,  but  the  latus  reftum  oF 
the  parabola  is  augmented  in  the  duplicate  of  that  ra- 
tio ;  it  is  plain  that  the  length  zDP  is  augmented  in 
that  fimplc  ratio  only  ,*  and  is  therefore  always  propor- 
tional to  the  velocity ;  nor  will  it  be  augmented  ordi— 
miniflied  by  the  change  of  the  angle  CDPy  unlefs  the 
velocity  be  alfo  changed. 

Cor.  7.  Hence  appears  the  method  of  determining 
the  curve  DraF,  nearly,  from  the  phenomena,  and 
thence  collefting  the  refiftance  and  velocity  with  which 
the  body  is  projeded.  Let  two  (imilar  and  equal  bo- 
dies be  projeded  with  the  fame  velocity,  from  the 
place  Z),  in  different  angles  CDP,  CDp  i  and  let  the 
places  f ,/,  where  they  fall  upon  the  horizontal  plane 
DC,  be  known.  Then  taking  any  length  for  DP  or 
Dp,  fuppofe  the  refiftance  in  D  to  be  to  the  gravity 
in  any  ratio  whatfoever,  and  let  that  ratio  be  ex- 
pounded by  any  length  S  M.  Then  by  computation, 
from  that  affumed  length  DP,  find  the  lengths  DF, 

Ff 
Df\  and  from  the  ratio  r— ,  found  by  calculation,  fub- 
DF 

dud  the  fame  ratio  as  found  by  experiment ;  and  lee 
the  difference  be  expounded  by  the  perpendicular  MN. 
Repeat  the  fame  a  (econd  and  a  third  time,  by  affuming 
always  a  new  ratio  SM  of  the  refiftance  to  thcf  gra- 
vity, and  collefting  a  new  difference  MN.  Draw  the 
rfSrmative  differences  on  one  fide  of  the  right  line  SMb 
and  the  negative  on  the  other  fide ;  and  through  the 
points  N^N^Nixrv  a  regular  curve  NNN%  cutting 

the 
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the  right  line  SMMMin  Xy  and  SX  will  be  the 
true  ratio  of  the  rcfiftancc  to  the  gravity,  which  was 
to  be  found.  From  this  ratio  the  length  D  F  is  to  be 
coll€(fted  by  calculation;  and  a  length,  which  is  to  the 
affumcd  length  D?,  as  the  length  Df  known  by  ex- 
periment to  the  length  Df  juft  now  found,  will  be 
the  true  length  J)?.  This  being  known,  you  will 
liavc  both  the  curve  line  Z>r4F  which  the  body  de- 
fcribes,  and  alfo  the  velocity  and  refiftancc  of  the  body 
in  each  place. 

Scholium. 

But  yet  that  the  refiftance  of  bodies  is  in  the  ratio 
of  the  velocity,  is  more  a  mathematical  hypothefis 
thana  phyfical  one.  In  mediums  void  of  all  tenacity* 
the  reuflances  made  to  bodies  are  in  the  duplicate  ratio 
of  the  velocities.  For  by  the  aftion  of  a  fwifter  body* 
a  greater  motion^  in  proportion  to  a  greater  velocity,  is 
communicated  to  the  fame  quantity  of  the  medium^  in 
a  lefs  time;  and  in  an  equal  time,  by  reafon  of  a  greater 
quantity  of  the  difturbed  medium,  a  motion  is  com- 
municated in  the  duplicate  ratio  greater ,-  and  the  re- 
fiftance (by  Law  i  and  5.)  is  as  the  motion  communi- 
cated. Let  us  therefore  fee  what  motions  arife  from 
this  law  of  refiftance. 


SEC- 
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SECTION     IL 

Of  the  Motion  of  Bodies  that  are  reftfted 
in  the  duplicate  ratio  of  their  Veloctttes. 

Proposition  V.     Theorem  IIL 

If  a  body  is  rejijled  in  the  duplicate  ratio  of 
its  velocity  y  and  moves  by  its  innate  force 
only  through  ajimilar  medium  5  and  the  times 
be  taken  in  a  geometrical  frogrefjlony  troceed- 
ing  from  lefs  to  greater  terms :  I  jay  that 
the  velocities  at  the  beginning  of  each  of  the 
times  are  in  the  fame  geometrical  frogreffion 
inverfely  i  and  that  the  fpaces  are  equal, 
which  are  defer ibed  in  each  of  the  times. 

For  (ince  the  r«(iftafice  of  the  medium  is  proportional 
to  the  fquare  of  the  velocity,  and  the  decrement  of  the 
velocitv  is  proportional  to  the  refifltancc ;  if  the  time  be 
divided  into  innumerable  equal  particles^  the  fquares  of 
the  velocities  at  the  beginning  of  each  of  the  times  will 
be  proportional  to  the  differences  of  the  fame  velocities. 
Let  thofe  particles  of  time  htAKy  KLy  LM^  &c.  taken 
in  the  right  line  CD  ;  and  ered  the  perpendiculars  jiB^ 
Kk^  L  /,  Mmy  &c.  meeting  the  Hyperbola  BkJn$Gt  dc- 
fcribed  with  the  centre  C  and  the  redangularafymptotes 
CD,  CH^  inBykchm,  &c.  then  jtB  will  be  to  Kkg 
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as  CKtoCAy  and,  by  divifion,  AB  —  Kk^  to  AT^  as 
AK  to  CA,  and,  alternately,  AB-^Kk^  to  -rfAT  as 
jK^i^to  Cyf,  and  therefore  as  AB  x  Kk  to  AB  x  CA. 
Therefore  fince  AKznAABx  Crf  are  given,  AB — Kk^ 
\f\\\  be  as  ABxKk^'i  and  laftly,  when  AB  andiCi^coin- 
cide,  as^B*,    And,  by  the  like reafoning,  K\ — LI, 
Lt—Mm^  &c.  will  be  2sKlCy  L/%  &c.    There- 
fore  the  fquarcs  of  the  Unes  A  By  Kl^  L/,  Aim,  &c- 
are  as  their   difiFerences  ;    and  therefore,    fince   the 
fquares  of  the  velocities  were  (hewn  above   to  be   as 
their  differences,  the  progrefTion  of  both  will  be  alike. 
This  being  demonftrated,  it  follows  alfo  that  the  areas 
defcribed  by  thefe  lines  are  in  a  like  progreflion  with 
the  fpaces  defcribed  by  thefe  velocities.     Therefore  if 
the  velocity  at  the  beginning  of  the  firft  tiroe  AK  be 
expounded  by  the  line  AB,  and  the  velocity  at  the  be- 
ginning of  the  fecond  time  KL  by  the  line  Kl^  and 
the  length  defcribed  in  the  firft  time  by  the  area  AKkJB; 
all  the  following  velocities  will  be  expounded  by  the 
following  lines  LI,  Mm,  &c.  and  the  lengths  defcri- 
bed, by  the  areas  iC/,  Lw,  &c.    And,  by  compofi- 
tion,  if  the  whole  time  be  expounded  by  A  My  the 
fum  of  its  parts,  the  whole  length  defcribed  will  be  ex- 
pounded by  AMmB  the  fum  of  its  parts.     Now  con- 
ceive the  ximt  AM  to  be  divided  into  the  parts  AKy 
KL,  LM»  &c.  fo  that  CAy  CKy  CLyCM,  &c.  may 
be  in  a  geometrical  progreflion ;  and  thofe  parts  will  be 
in  the  f^me  progreflion,  and  the  velocities -^B,  Kj(, 
Lly  Mmy  &c.  will  be  in  the  fame  progreffion  inverfly, 
and  the  fpaces  defcribed  Ak^  Kl,  Lm^  &c.  will  be 
equal.     O.E.D. 

CoR.T.  Hence  it  appears,  that  if  the  time  be  ex- 
pounded by  any  part  AD  of  the  afymptote,  and  the 
velocity  in  the  beginning  of  the  time  by  the  ordinate 
jiB'y  the  velocity  at  the  end  of  the  time  will  be  ex- 
pounded by  the  ordinate  D  G  ;  and  the  whole  fpace  de- 
fcribed, by  the  adjacent  hyperbolic  area  ABCD; 
' -  ,    _  -  -  -  -  ^^j 
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and  the  fpace  whicti  any  body  can  defcribe  in  the 
fame  time  AD,  with  the  fifft  velocity  ABy  in  a  non- 
refifting medium,  by  the  redaligle  ABxAD. 

Cor.  2*  Hence  the fpAife-dercribed  in  a  refitting  me- 
dium is  given,  by  takln^it  to  the  fpace  defcribed  with 
the  uniform  velocity  u^^ift  a  non-refifting  medium, 
as  the  hyperbolic'  area  ^^SG-D  to  the  reftangle 
ABxAD. 

Cor.  ;•  The  reltftance  of  the  medium  is  alfo  given, 
by  making  it  equal,  in  the  very  beginning  of  the  mo- 
tion, toan  uniform  centripetal  force»  which  could  ge- 
nerate, in  a  b;5dy  falling  thro*  a  non-refifting  medium, 
the  velocity  .4^,  in  the  time  AC.  For  if  BT  be 
drawn  touching  the  hyperbola  in  B,  and  meeting  the 
afymptote  in  T;  the  right  line  ^Twi>l^  be  equal  to 
AC,  and  will  exprefs  the  time,  in  which  the  firft  re- 
fiftance  uniformly  continued,  may  take  away  the  whole 
velocity -^B. 

CoR,  4.  And  thence  is  alfo  given  the  proportion  of 
this  refiflance  to  the  force  of  gravity,  or  any  other 
given  centripetal  force. 

Cor.  5.  And  vice  ver/ky  if  there  is  given  the  pro- 
portion of  the  refiftance  to  any  given  centripetal  force; 
the  time-rfC  is  alfo  given,  in  which  a  centripetal  force 
equal  to  the  refiftance  may  generate  any  velocity  as 
AB ;  and  thence  is  given  the  point  S,  through  which 
the  hyperbola,  having  C/f,  CD  for  its  afymptotes,  is 
to  be  defcribed;  as  alfo  the  fpace  ABQD^  which  a 
body,  by  beginning  its  motion  with  that  velocity  -/fjS, 
can  defcribein  any  time  ADy  in  a  fimilar  refitting  me- 
dium. 


Pro- 
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Proposition  YI.     Theorem  IV. 

Homogeneous  and  equal  fpherical  bodies j  op- 
posed by  refiftances  that  are  m  the  duplicate 
ratio  of  the  velocities^  and  moving  on  by 
their  innate  force  only ^  will,  in  times  which 
are  reciprocally  as  the  velocities  at  the  begin- 
ning, defcribe  equal  fpaces,  and  lofe  parts  of 
their  velocities  proportional  to  the  wholes. 

To  the  re<Sangu!ar  afymprotes  CD,  CH  defcribe  any 
hyperbola  BbEe,  cutting  the  perpendiculars -45,  at, 
DEyde,  in  Bjby  E^e;  let  the  initial  velocities  be  ex- 
I)ounded  by  the  perpendiculars  ^B,  DEj  and  the 
times  by  the  lines  ^a,  D  d.  Therefore  as  ^4  is  to 
Dd,  fo  (by  thehypothefis)  is  DE  xoAB^  and  fo  (from 
the  nature  of  the  hyperbola)  is  CA  to  CD  ,*  and,  by 
compofition,  fo  is  C4  tp  Cd.  Therefore  the  areas 
jiBha,  DEedy  that  is,  the  fpaces  defcribed,  are  equal 
among  themfelves,  and  the  firft  velocities -4B,  DE  are 
proportional  to  the  lafl4^,  de;  and  therefore,  by  di- 
vifion,  proportional  to  the  parts  of  the  velocities  loft, 
AB^aby  D  E  -de.     Q.  E.  D. 

Proposition  VII.     Theorem  V- 

If  fpherical  bodies  are  rejified  in  the  duplicate 
ratio  of  their  velocities y  in  times  which  are 
d^  the  firji  motions  direSily  and  the  firfl  re- 
fijlancesinverfelyy  they  will  lofe  parts  of  their 
motions  proportional  to  the  wholes y  and  will 
defcribe  Jpaces  proportional  to  thofe  times 
and  the  firfl  velocities  conjunBly. 

For  the  parts  of  the  motions  loft  arc  as  the  refiftanccS 
and  times  con;unaiy.    Therefore,  that  thofe  parts  may 

be 
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be  proportional  to  the  wholes,  the  refiftance  and  time 
conjundly  ought  to  be  as  the  motion.  Therefore  the 
time  will  be  as  the  motion  diredly  and  the  refinance 
inverfely.  Wherefore  the  particles  of  the  times  being 
taken  in  that  ratio,  the  bodies  will  always  lofe  parts  of 
their  motions  proportional  to  the  wholes,  and  there- 
fore will  retain  velocities  always  proportional  to  their 
firft  velocities.  And  becaufe  of  tne  given  ratio  of  the 
velocities,  they  will  always  dcfcribc  fpaces,  which  arc 
as  the  firft  velocities  and  the  times  conjundly .  Q^  E.  D. 

CoR.  I.  Therefore  if  bodies  equally  fwift  are  re- 
fitted in  a  duplicate  ratio  of  their  diameters :  Homo- 
geneous globes  moving  with  any  velocities  whatfbever, 
by  defcribing  fpaces  proportional  to  their  diameters, 
will  lofe  parts  of  their  motions  proportional  to  the 
wholes.  For  the  motion  of  each  globe  will  be  as  its 
velocity  and  mafs  conjundly,  that  is,  as  the  velocity 
and  the  cube  of  its  diameter  ;  the  refiftance  (by  fup- 
pofition)  will  be  ^s  the  fquare  of  the  diameter  and  tne 
fquare  of  the  velocity  conjunftly;  and  the  time  (by 
this  propofition)  is  in  the  former  ratio  diredly  and 
in  the  latter  mverfely,  that  is,  fas  the  diameter  di- 
redly  and  the  velocity  inverfely;  and  therefore  the 
fpace>  which  is  proportional  to  the  time  and  velocity^ 
is  as  the  diameter. 

Cor.  2.  If  bodies  equally  fwift  are  refifted  in  a  fef- 
quiplicate  ratio  of  their  diameters:  Homogeneous  globes^ 
moving  with  any  velocities  whacfoever,  by  defcribing 
fpaces  that  are  in  a  fe(<]^uiplicate  ratio  of  the  diameters^ 
will  lofe  parts  of  their  motions  proportional  to  the 
wholes. 

Cor.  5.  And  univerfally,  if  equally  fwift  bodies  arc 
refifted  in  the  ratio  of  any  power  ot  the  diameters  : 
the  fpaces,  in  which  homogeneous  globes,  moving  with 
any  velocity  whatfoever,  will  lofe  parts  of  their  n^o- 
rtons  proportional  to  the  wholes,  will  be  as  the  cubes  of 
the  diameters  applied  to  that  power.  Let  thoft  di- 
ameters 
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amecers  applied  co  that  power.  Let  thofe  diameters  be 
D  and  E ;  and  if  the  rcfiftances,  where  the  velocities 
arefuppofed  equaU  are  as  D"  and  E":  the  fpaces  in 
which  the  globes,  moving  with  any  velocities  whatfo- 
cver,  will  lofe  parts  of  their  motions  proportional  to 
the  wholes,  will  be  as  D'  '  and  E'  *.  And  there- 
fore homogeneous  globes,  in  defcribing  fpaces  propor- 
tional to  D^  "and  E'  ",  will  retain  their  velocities 
in  the  fame  ratio  to  one  another  as  at  the  beginning. 

CoK.  4.  Now  if  the  globes  are  not  homogeneous, 
the  fpace  dcfcribed  by  the  denfer  globe  muft  be  aug- 
mented in  the  ratio  of  the  denfity.  For  the  motion^ 
with  an  equal  velocity,  is  greater  in  the  ratio  of  the 
denfity,  and  the  time  (by  this  Prop.)  is  augmented  in 
the  ratio  of  motion  diredly,  and  the  fpace  defcribed 
in  the  ratio  of  the  time. 

CoR.  f.  And  if  the  globes  move  in  difFerci\t  me- 
diums, the  fpace,  in  a  medium  which,  cherts  fmbuSf 
refifts  the  moft,  muft  be  diminifhed  in  the  ratio  of 
the  greater  refiftancc.  For  the  time  (by  this  Prop.) 
will  be  diminifhed  in  the  ratio  of  the  augmented  re- 
finance, and  the  fpace  in  the  ratio  of  the  time. 

Lemma    II. 

"^he  moment  of  any  Genitum  is  equal  to  the 
tniments  of  each  of  the  generating  (ides  drawn 
into  the  indices  of  the  powers  of  thofe  fide  s^ 
and  into  their  coefficients  continually.  ^ 

I  call  any  quantity  z  Genitum^  which  is  not  mad^ 
by  addition  or  fubdudion  of  divers  parts,  but  is  gene- 
rated or  produced  in  arithmetic  by  the  multiplication,  di- 
yifion,  or  cxtraftion  of  the  root  of  any  terms  whatfoever  ; 
in  geometry  by  the  invention  of  contents  and  fides,  or  of 
the  extreams  and  means  of  proportionals.   Qiiantities  of 
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kbis  kkid  are  produftsy  quocieim,  roots,  redangks Jquares^ 
cubeS)  Pyiare  and  ^ubic  fides,  and  the  like.  Thefe  qaan  ft* 
ties  I  here  confider  as  vartd>le  and  indetermined,  and  in* 
creafing  or  decreafira  as  ic  were  by  a  perpetuafmotioa 
or  fkix  s  and  I  underltaod  their  momentaneous  idcreroents 
or  decrements  by  the  nanae  of  Moments ;  fo  that  tho 
increftient^  may  beefteem'd  as  added,  or  affirnoativc  mo- 
nieffts  5  and  the  decrements  as  fubduded,  or  negative 
ones.    But  take  care  (lot  to  look  upon  finite  particles  as 
fuch.    Finite  particles  are  not  moments,  but  the  very 
coantities  generated  by  the  moments.  We  are  to  conceive 
them  as  the  juft  naArent  principles  of  finite  magnitudes. 
Nor  do  we  in  this  Lemma  regard  the  magnitude  of  the 
moments,  but  their  firft  proportion  as  nakent.    It  will 
be  the  fame  thing,  if,  inftead  of  moments,  we  ufeeither 
the  Velocities^  of  the  increments  and  decrements  (which 
may  alfo  be  called  the  motions,  mutations,  and  fluxions 
Df  quantities)  or  any  finite  quantities  proportional  to 
thole  velocities.      The  coefijcient  of  any  generating 
fide  is    the    quantity  which  arifes  by  applying  the 
Genitum  to  that  fide. 

Wherefore  thefenfe  of  the  Lemma  is,  that  if  the  mo- 
ments of  any  quantities  A,  B,  C,  &c.  increafing  or  de- 
creafijig  by  a  perpetual  flux,  or  the  velocities  of  the 
mutations  which  are  proportional  to  them,  be  called 
s^  b^  Cy  &c.  the  moment  or  mutation  of  the  generated 
tcflartgle  AB  will  be  4B-|-M;  the  moment  of  the 
generated  content  ABC  will  be  itBC  +  MC-|- 
f  AB:   and  the  moments  of  the  generated  powers,  AS 

A^  AS  A*,  AS  K\  AS  A" S  A-^S  A"^^  will 

be  24A,  }«iA*,  44AS   \4k     S    i^A*,  f^iA    S 

^4A~^  ,    —  ^A— * ,    —  lak—^  ,     —  iaisr^ 
rdpcftively.    And  in  general,  that  the  moment  of  any 

n  tr-m 

jowtr  A'^  will  he  ~  4A^  •    A1fo  that  the  momcDt 
2  of 
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of  the  generated  quantity  A*  B  will  be  i4AB-|-^A*  ; 

the  moment  of  the  generated  quantity  A'B^C*  will 

bej4A^B+C*-f  4^A5B^C*^-2(;A^B+G;   and 

A' 
the  moment  of  the  generated  quantity  —  or   A^  B""* 

will  be  54A*B^*  — i^A^B-^  i  and  fo  on.    The 
Lemma  is  thus  demonftrated. 

Case  i.  Any  reftangle  as  A  B  augmented  by  a  per-* 
petual  flux,  when,  as  yet,  there  wanted  of  the  fides 
A  and  B  half  their  moments  \  a  and  ^b,  was  A —  \a 
into  B— ^^,  or  AB  — i^B  — t^A  Ar%^^  i  buc 
as  fooQ  as  the  fides  A  and  B  are  augmented  by  the 
other  half  moments ;  the  reftangle  becomes  A  -|-«  ^  4 
intoB-|-t  *  or  AB-^l-t^B-j-  t^A-|~i4^*  From 
this  reSangle  fubduft  the  former  reftangle,  and  there 
will  remain  the  excefs  a'R  -^b  A.  Therefore  with  the 
whole  increments  a  and  b  of  the  fides,  the  iifcrement 
^B  -|^^  A  of  the  reftangle  is  generated.     O.  £.  D. 

Case  2.  Suppofe  AB  always  equal  toG,  and  then 
the  moment  of  the  content  A  B  C  or  G  C  (by  Cafe  i.) 
willbe^C-|-^G,  that  is,  (putting  AB  and  4B-|-^A 
for  G  and^)  4  B  C  -|-  ^  A  C  -|-  r  A  B.  And  the  rea- 
foning  is  the  fame  for  contents  under  never  fb  many 
fides.     O.E.D. 

Case  5.  Suppofe  the  fides  A,  B,  and  C,  to  be  al- 
ways equal  among  themfelves ;  and  the  moment  a  B 
-|-^  A,  of  A*,  that  is,  of  the  reftangle  AB,  will  be 
24  A;  and  the  moment  4BC-|-^  A  C-|-cAB  of 
A^  that  is,  of  the  content  ABC,  will  be  3 4 A*, 
And  by  the  fame  reafoning  the  moment  of  any  power* 
A»is»4A«-%     Q.E.D. 

Case  4.  Therefore  fince  ~-  into  A  is  i,  the  moment 
^  A 

of  -p  drawn  into  A,  together  with  ~  drawn  Into  4, 

will  be  the  moment  of  i,  that  is,   nothing.     There- 
C  1  fore 
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fore  the  moment  of  -^  or  of  A"'  is  -j^.  And  ge- 
nerally, fmce  -j^,  into  A"  is  i,  the  moment  of  -^^ 
drawn  into  A"  together  with  ^  into  nA  h"''  will  be 
nothing.  And  therefore  the  moment  of  —  or  A"' 
will  be— -^J,.     aE.D. 

Case  5.  And  fmce  A*  into  A*  is  A,  the  moment 
of  A*  drawn  into  a  A»  will  be  th  (by  Cafe  5  :)  and 
therefore  the  moment  of  A*  will  be  j^  or  ^aA^^. 

And  generally,  putting  A  "  equal  to  B,  then  A  will 
be  equal    to   B»,    and  therefore  maA"^    '  equal  to 

n^B'-'S  and  n^aA^'  equal  tonbE^'  or»*A""»  i 


and  therefore—  4  A  "    is  equal  to  iy  that  is,  equal  to 

m 

the  moment  of  A  "  .     O.  E.  D. 

Case  6.  Therefore  the  moment  of  ariy  generated 
quantity  A'^B"  is  the  moment  of  A*"  drawn  into  B",  to- 
gether with  the  moment  of  B"  drawn  into  A*,  that  k, 
w^A*"""'  B^^-^^B"""'  A*"  5  and  that  whether  tl^ 
indices  m  and  h  of  the  powers  be  whole  nunri>crs  or 
fradions,  affirmative  or  negative.  And  the  reafoning  i$ 
the  fame  for  contents  under  more  powers.     O.  E.  D. 

CoR.  I.  Hence  in  quantities  continually  propor- 
tional, if  one  term  is  given,  the  moments  of  the  reft 
of  the  terms  will  be  as  the  fame  terms  multiplied  by 
z  the 
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the  number  of  intervals  between  them  and  the  given 
term.  Let  A,  B,  C,  D,  E,  F,  be  continually  propor- 
tional; then  if  the  term  C  is  given,  the  moments  of  the 
reft  of  the  terms  will  be  among  themfelves,  as  —  a  A, 
— B,D,  lE,  3F. 

CoR.  z.  Ana  if  in  four  proportionals  the  two  means 
are  given,  the  moments  of  the  extremes  will  be  as  thofe 
extremes.  The  fame  is  to  be  under ftood  of  the  fides 
of  any  given  re&angle. 

Cor.  3.  And  if  the  fum  or  difference  of  two  fquares 
is  given,  the  moments  of  the  fides  will  be  reciprocally 
as  the  fides. 

SCHO  LIU  M. 

In  a  letter  of  mine  to  Mr.  J.  Collins,  dated  Decern" 
her  10.  i6yi.  having  defcribed  a  method  of  Tangents, 
which  I  fufpeded  to  be  the  fame  with  Slufims's  method, 
which  at  that  time  was  not  made  publick ;  I  fubjoin- 
cd  thefe  words ;  This  is  one  farticHlar^  or  rather  a  c#- 
roUaryy  of  a  general  method^  whigh  extends  itfilfy  without 
anj  troublefime  calcttlation,  not  only  to  the  draining  of  Tat^ 
gents  to  any  Curve  lines ,  whether  Geometrical  or  Mechamcal^ 
er  09^  how  reJpc£Hng  right  lines  or  other  Ctirves,  ktft  alfi 
^0  the  refihing  other  aSfirufer  kinds  of  Problems  atmt  the 
crook(dne/s,  areas,  lengths^  centres  of  gravity  of  CtsrveSy  8cc. 
^  is  it  (ai  Hudden'j  method  de  Maximis  &  Minimis) 
Umed  to  equations  which  are  free  from  furd  quantities. 
7?w  method  I  have  interwoven  with  that  other  of  working 
^  etjuationSf  by  reducing  them  to  if^nite  Jeries.  So  far 
that  letter.  And  thefe  lafl  words  relate  to  a  Treatife  I 
^ompofed  on  that  fubjeft  in  the  year  i6ji.  The 
foundation  of  that  general  method  is  contained  in  tKe 
preceding  Lemma. 

C  ^  Pro- 
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Proposition  VIII.  Theorem  VI. 
If  a  body  in  an  uniform  mediumy  being  uniformly 
atfed  upon  by  the  force  of  gravity y  afcends  or 
4e fiends  in  a  right  line  5  and  the  whole  fp ace 
defcribed  be  difiinguifhed  into  equal  partSy 
and  in  tbe  beginning  of  each  of  the  partSy 
{by  adding  or  fubdu6iing  the  reftfting  force  of 
the  medium  to  or  from  the  force  of  gravity  y 
when  the  body  afcends  or  de fiends)  you  collect 
the  abfolute  forces  5  I  fay  that  thofe  abfo- 
lute  forces  are  in  a  geometrical  progrejflon. 
PI.  2.  Fig.  I. 

For  let  the  force  of  gravity  be  expounded  by  the  given 
line  jiCi  the  force  of  reiiftance  by  the  indefinite  line 
jiK;  the  abfolute  force  in  the  dcfcent  of  the  body,  by 
the  difference  KC  ;  the  velocity  of  the  body  by  a 
line  APy  which  Ihall  be  a  me^n  proportional  between 
jiK  and  -^C»  and  thq-efore  in  a  fubduplicare  ratio  of 
the  refiftance ;  the  increment  of  the  refiftance  made  in 
a  given  particle  of  time  by  the  lineola  K  Ly  and  the  con- 
temporaneous increment  of  the  velocity  by  the  lineola 
PO^ ;  and  with  the  centre  C,  and  rcftangular  afymptotes 
CAy  CHy  defcribe  any  Hyperbola  BNSy  meeting  the 
creded  perpendiculars  AB,  KNy  LO  in  By  JV,  and  O, 
Bccaulc  AK  is  as  -^P*,  the  moment  KL  of  the  one 
will  be  as  the  moment  z^POof  the  other,  that  is,  as 
j4PxKC;  for  the  increment  PO^of  the  velocity  is 
(Ijy  Law  2.)  proportional  to  the  generating  force  KC. 
Let  the  ratio  of  KL  be  compounded  with  the  ratio  of 
KNy  and  the  reftangle  KLxKN  will  become  as 
APxKCxKN;  that  is,  ('becaufe  the  re^aangle  ^G 
xKTVis  given)  zsuiP.  But  the  ultimate  ratio  of  the 
hyperbolic  area  KNOL  to  the  reftangle  KLxKN 
i^ecomes,  wh^a  the  poinds  ^  and  L  coincide,  the  ratia 
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of  equality.  Therefore  that  hyperbolic  evanefcedc  area 
is  as  AP.  Therefore  the  whole  hyperbolic  area 
ABOL  is  compofed  of  particles  KNOL  which  are 
always  proportional  to  the  \t\oc\iyAP ;  and  therefore 
is  itfelf  proportional  to  the  fpace  defcribed  with  that 
velocity.  Let  that  area  be  now  divided  into  equal 
parts,  as  ABMIy  IMNK,  KNOL,  8cc.  and  the ab- 
folute  forces  Ad  IC,  KCy  LC,  &c.  will  be  in  a 
geometrical  progreffion.  Q^E.D.  And  by  a  like 
reafoning,  in  the  afcent  of  the  body,  taking*  on  the 
contrary  fide  of  the  point  A»  the  equal  areas  ABmi^ 
irnnk^,  knoly  &c.  it  will  appear  that  the  abfolute  fortes 
ACy  iC,  k^Cy  ICy  ice.  are  continually  proportional. 
Therefore  if  all  the  fpaces  in  the  afcent  and  defcent  are 
taken  equal ;  all  the  abfolute  forces  /C,  k^C»  iC^  AC9 
ICy  KCy  LCi  &c.  will  be  continually  proportional. 
g.E.D. 

Cor.  I.  Hence  if  the  fpace  defcribed  be  expound* 
ed  by  the  hyperbolic  trczABNK;  the  force  of  gra- 
vity, the  velocity  of  the  body,  and  the  refiftance  of 
the  medium,  may  be  expounded  by  the  lines  ^C,  AP9 
and  AK  refpeftivcly  ;  and  vice  verfi. 

Cor.  2.  And  the  greateft  velocity,  which  the  body 
can  ever  acquire  in  an  infinite  defcent,  will  be  expound- 
ed by  the  line  AC. 

Cor.  3.  Therefore  if  the  refiftance  of  the  medium 
anfwering  to  any  given  velocity  be  known,  the  greateft: 
velocity  will  be  /ound,  by  taking  it  to  that  given  ve- 
hdty  in  a  ratio  fubduplicate  ot  the  ratio  which  the 
ibrce  of  gravity  bears  to  that  known  refiftance  of  the 
medium. 


C  4  Pro- 
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Proposition  IX.     Theorem  VII. 

Suppofing  ijohat  is  above  demonjiratedy  I  fay 
that  if  the  tangents  of  the  angles  ofthe  fetior 
of  a  circle y  and  of  an  hyperbola^  be  taken 
proportional  to  the  velocities^  the  radius  be- 
ing of  a  p  magnitudes  all  the  time  of  the 
afcent  to  the  htgheft  place  will  be  as  the 
JeBor  of  the  circky  and  all  the  time  of  de- 
fcending  from  the  highefl  place  as  the  fe^for 
of  the  hyperbola.      PI.  z.  Fig.  2. 

To  the  right  line^C,  which  cxprefles  the  force  of 
gravity,  let  -^P  be  drawn  perpendicular  and  equal. 
From  the  centre  D  with  the  femidiameter  ^D  defcribe 
as  well  the  quadrant  AtE  of  a  Circle;  as  the  reftangular 
Hyperbola  uif^Zy  whofe  axe  is  AXj  principal  vertex 
^,  and  afymptotc  DC.  Let  Df^  DP  be  drawn ;  and 
the  circular  feftor  -^^  D  will  be  as  all  the  time  of  the 
afcent  to  the  highcft  place;  and  the  hyperbolic  feftor 
ATD  as  all  the  tiine  of  defcent  from  the  higheft  place  ? 
If  fo  be  that  the  tangents  Ap,  j4P  of  thofc  feftors  be  as 
the  velocities.     Fig.  1. 

Case  i.  Draw  Dvq  cutting  off  the  moments ^r 

leaft  particles  tDv^nAqDpy  defcribed  in  the  fame  time^ 

of  the  k&^ox  jiDt  and  of  the  triangle  jiDf.     Since 

thofe  particles  (becaufe  of  the  common  angle  D)  are  in 

a  duplicate  ratio  of  the  fides,  the  particle  ^Di^  will  be 

qDpxtD^     ,      .     ,,        r     ^.     .  ^Dp 

as i--— — ,  that  is,  (becaufe  tD  is  given)  as  ^—^. 

But />JD*  1%  AD^  -YAp*,  that  is,  AD^ -{^ADx 
Aky  or  ADxCkj  and  ^P/>  is  ^  ADxpq.  There- 
fore ^Dv,  the  particle  of  the  feftor,  «  as^  ;    that 


IS* 
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is,  as  the  leaft  decrement  fqoi  the  velocity  direftly,  and 
the  force  Ck*  >^hich  diminiftics  the  velocity,  inverfe-^ 
ly ;  and  therefore  as  the  particle  of  time  anfweri'ng  to 
the  decrement  of  the  velocity.  And,  by  compofition, 
the  fum  of  all  the  particles  rP-z/  in  the  [t&,ox  ADt^ 
will  be  as  the  fum  of  the  particles  of  time  anlwering  to 
each  of  the  loft  particles  ^^,  of  the  decreafing  velocity 
Af,  till  that  velocity,  being  diminiflied  into  nothing, 
vanifties;  that  is,  the  whole  fedor  ADt  is  as  the 
whole  time  of  afcent  to  the  higheft  place.     Q.  E.  D. 

Case  2.  Draw  DOT  cutting  off  the  lea?l  particles 
TDrand  PDO  of  tRefedor  D^^r,  and  of  the  tri- 
angle DAQ^y  an3  thefe  particles  will  be  to  each  other 
as  Dr*  toDP%  that  is,  (if  T^  and  ^P  are  parallel^ 
asDXMo  DA^  or  TX*  toAP^i  and,  by  divifion, 
asDJr*— rjT*  to  DA^—'AP^.  But,  from  the  na- 
ture  of  the  hyperbola,  DX*  —  TX*  is  AD^  ;  and, 
by  the  fuppoution,  AP^  is  ADxAK.  Therefore 
tne  particles  are  to  each  other  as  AD^  to  AD^  *— 
ADxAKi  that  is,  as  AD  to  AD — ^AT  or  AC 
to  CK :  and  therefore  the  particle  TD^of  the  feftor  is 

• — ==: ;  and  therefore  (becaufe  -^Cand  ^JDare 

CK 

P  O 

given)  as -^;  that  is,  as  the  increment  of  the  velo- 
C  K 

city  diredly,  and  as  the  force  generating  the  increment 
inverfely ;  and  therefore  as  the  particle  of  the  time  an- 
fwering  to  the  increment.  Aiw,  by  compofition,  the 
fum  of  the  particles  of  time,  in  which  all  the  particlei 
fOo(  the  velocity  AP  are  generated,  will  be  as  tlic 
fimTof  the  particles  of  the  fedor  ATD;  that  is,  the 
whole  time  will  be  as  the  wliok  k&cu     O.  E.  D. 

CoR.  I.  Hence  if  A3  be  equal  to  a  fourth  part  of 
^C,  the  fpace  which  a  body  will deferibe  by  falling  in 
any  time  will  be  to  the  fpace  which  the  body  could 
defcribe,  by  moviog  uniformly  on  in  the  fame  time 

with 
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with  its  greateft  velocity  ACy  as  the  area  ABNKj 
which  exprefles  the  fpace  defcribed  in  falling,  to  the 
^xt^ATD^  which  exprefles  the  time.  For  hncc  AC 
is  to  A?  as  A?  to  AK^  then  (by  Cor.  i.  Lem.  2.  of 
this  Book)  LiST  is  to  P  O  as  lAK  to  APy  that  is, 
as  2  A?  to  AC,  and  thence  L^  is  to  \P Q^  as  -r^P 
to  i  ^ C or  ^B ;  and  KN  is  to  -4C  or  AD  zs  A  B 
to  CK;  and  therefore,  ex  aquoy  LKNO  to  DPQ^ 
as  ^P  to  Cr.  But  DPO^  was  to  DTT^s  CK  to 
>^C.  Therefore,  ^a:  aqua,  LKNO  is  to  DT^as 
^P  to  -^C;  that  is,  as  the  velocity  of  the  falling  bo- 
dy to  the  greateft  velocity  which  the  body  by  falling 
can  acquire.  Since  therefore  the  moments  LKNO 
and  DT Toftht  zxtzs  ABNK  and  ATD  are  as  the 
velocities,  all  the  parts  of  thofe  areas  generated  in  the 
fame  time,  will  be  as  the  fpaces  defcribed  in  the  fame 
time ;  and  therefore  the  whole  areas  ABNK  and  AD  T 
generated  from. the  beginning,  will  be  as  the  whole 
ipi ces  defcribed  from  the  beginning  of  the  defcent. 
a  E.  D. 

CoR.  2.  The  fame  is  true  alfo  of  the  fpace  defcribed 
in  the  afcenr.  That  is  to  fay,  that  all  that  fpace  is  to 
the  fpace  defcribed  in  the  fame  time  with  the  uniform 
velocity  ACy  as  the  area  ABnk^  is  to  the  feftor 
ADt. 

Cor.  5.  The  velocity  of  the  body,  falling  in  the 
lime  ATDj  is  to  the  velocity  which  it  would  acquire 
in  the  fame  time  in  a  non-refifting  fpace,  as  the  tri- 
angle APD  to  the  hyperbolic  feftor  ATD.  For  the 
velocity  in  a  non-refifting  medium  would  be  as  the 
time  ATD,  and  in  a  refifting  medium  is  as  AP^  that 
is,  as  the  triangle  ^PI>.  And  thofe  velocities  at  the 
beginning  of  the  defcent,  are  equal  among  themfelves, 
as  well  as  thofe  areas  ATDy  APD. 

C0R.4.  By  the  fame  argument,  the  velocity  in 
the  afcent  is  to  the  velocity  with  which  the  body  in 
ihe  fame  time,  ia  a  non^'refifting  fpace^  lyould  lofe 

9U 


Digitized  byVjOOQlC 


Sea.  II.       of  Natural  Thilofephy.  27 

all  its  morion  of  afcenr,  as  the  triangle  ApD  to  the 
circular  feftor  ^tD  i  or  as  the  right  line  jip  to  the 
arc^/. 

Con.  5.  Therefore  the  time  in  which  a  body  by  fall- 
ing in  a  refifting  medium,  would  acquire  the  velocity 
jiP,  is  to  the  time  in  which  it  would  acquire  its  great- 
eft  velocity  ^C  hy  falling  in  a  non*  refifting  fpace, 
as  the  it&^or  jiDT  10  the  triangle  ^DC:  and  the 
time  in  which  it  would  lofe  its  velocity  ^p  by  af- 
cending  in  a  refifting  medium,  is  to  the  time  in  which 
it  would  lofe  the  fame  velocity  by  afcending  in  a  non- 
refifting  fpace,  as  the  arc  .^  ^  to  its  tangent-^  /. 

Cor.  6.  Hence  from  the  given  time  there  is  given 
the  fpace  defcribed  in  the  afcent  or  defccnt.  For  the 
greateft  velocity  of  a  body  defcending  i»  infinitum  is 
given  (by  Corol.  2  and  3.  Theor.  6.  of  this  Book) 
and  thence  the  time  is  given  in  which  a  body  would 
acquire  that  velocity  by  falling  in  a  non-refifting  fpace. 
And  taking  the  feftor  Ud  7*  or  jiDt  to  the  triangle 
.^DC  in  the  ratio  of  the  given  time  to  the  time  juft 
now  found  ;  there  will  be  given  both  the  velocity 
AP  ox  Ap  and  the  area  ABNKox  ABnk^  which 
is  to  the  (e6tor  A DT,  or  AD t,  sls  the  fpace  fought 
to  the  fpace  which  would,  in  the  given  time,  be  uni- 
formly defcribed  with  that  greateft  velocity  found  juft 
before. 

CoR.  7.  And  by  going  backward,  from  the  givea 
fpace  of  afcent  ordefcent  ABnk^ox  ABNKy  there? 
will  be  given  the  time  Apt  or  A DT. 


Pro- 
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Proposition  X.     Problem  III. 

Suppofe  the  uniform  force  of  gravity  to  tend 
dire£tlyto  the  plane  of  the  horizon^  and  the 
refijiance  to  be  as  the  denjity  of  the  medium  and 
the  fquare  of  the  velocity  cenjun6tly :  it  is 
propofed  to  find  the  denfity  of  the  medium  in 
each  place,  ^jvhich  fhall  make  the  body  move 
in  any  given  curve  line  5  the  velocity  of  the 
body,  and  the  refijiance  of  the  medium  in 
each  place.    PI.  2 .  Fig.  3  • 

Let  P  O^ht  a  plane  perpendicular  to  the  plane  of 
the  fchcme  itfelf ;  PFHO^  a  curve  line  meeting  that 
plane  in  the  points  P  and  O^;  G^Hy  lyK  four  places 
of  the  body  going  on  in  this  curve  from  F  10  O^i  and 
GB,  HC^  ID,  KE  four  parallel  ordinates  let  fall 
from  thefe  points  to  the  horizon,  and  (landing  on  the 
horizontal  line  P  Qjx  the  points  B,  C,D,E;  and  let 
the  diftances  BCjCD,  P  £,  of  the  ordinates  be  equal 
among  themfelves.  From  the  points  G  and  Hkt  the 
right  lines  GL,  HN,  be  drawn  touching  the  curve 
in  G  and  Hy  and  meeting  the  ordinates  C//,  D  U  pro- 
duced upwards,  in  L  and  JST;  and  complcat  the  paral- 
lelogram HCDM.  And  the  times,  in  which  the  bo^ 
dy  defcribes  the  arcs  G  //,  HI^  will  be  in  a  fubdupli- 
cate  ratio  of  the  altitudes  LH^  Nly  which  the  bo- 
dies would  defcribe  in  thofe  times,  by  falling  from  the 
tangents ;  and  the  velocities  will  be  as  the  lengths  de- 
fcribed  G  H,  HI  diredly  and  the  times  inverfely.  Let 
the  times  be  expounded  by  't  and  u  and  the  velocities 

by  -—and  —  5  aod  the  decrement  of  the  velocity 

pro- 
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G  H 

produced  in  the  time  t  will  be  expounded  by  -—  — 

HI 

— .    This  decrement  arifes  from  the  refiftance  which 
t 

retards  the  body,  and  from  the  gravitv  which  accelerates 
if.  Gravity,  in  a  falling  body,  wnich  in  its  fall  de- 
fcribes  the  Ipacc  Nly  produces  a  velocity,  with  which 
it  would  be  able  t©  defcribe  twice  that  fpace  in  the 
i^mtiimt^  ^GaliUo  has  demonftrated ;  that  is,  the  ve- 
locity    :  but  if  the  body  defcribes  the  arc  HI, 

it  augments  that  arc  only  by  the  kngth  HI — HN 
or  —       >    ;  and  therefore  generates  only  the  velo- 

city  — ^ — ™^^ .    Let  this  velocity  be  added  to  the 

beforementioned  decrement,  and  we  (hall  have  the  de- 
crement of  the  velocity  arifing  from  the  reflftance  alone, 

,     .     GH     HI  ,  iMIxNI     ^,      ^       ^ 

that  IS,    ■-=-••-• 1 TTT — •    Therefore  fince 

T  t     ^       txHI 

in  the  fame  time,  the  aftion  of  gravity  generates,  in  a 

falling  body,  the  velocity ;  the  refiftance  will  be 

,           .         GH     HI  ,    xMIxNI      iNI 
to  the  gravity  as  — ^4^-—^^  to-^, 

or  as  — HI-\ — to  2  NI. 

i  HI 

Now  for  the  abfciffa's  CB,  CD,  CE  put  —  0,0^ 

^0.     For  the  ordinate  CH  put   P^    and  for  MI 

put  any   feries  Q^-j- R©^ -|- S<?'    &c.     And    all 

the  terms  of  the  feries  after  the  firft,  that  is,  Ro*  4" 

So^  -|-  &c.  will  he  NI;  and  the  ordinates  Dly  EK 

andBGwillbcP— -Q/? — Ro*  —  So^  —  &c.  P  — 

2Q<>— 4R<>*  — 8S<i'  —  &c.  andP-|-Q<>  — Ro» 

-i-So^—-  &c.  refpedively.     And  by  fquaring  the 
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tiifFercnces  of  the  ordinates  BG  —  Cffind  CH^^DI^ 
and  to  the  fquares  thence  produced  adding  the  fquares 
of  SC  and  CD  thcmfelves,  you  will  have  oO'\^QSXp0 
—  2  Q^o^  +  &c.  and  oo  ^-.  QjQ^<?<?  -{-  i  Q^Ro^  -|- 
&c.  the  fquares  of  the  arcs  GH^  HI;  whofe  roots 
, CXKO0  , 

wx+aa-;7==3  and  wi^aa-h 

-7zm=r  are  the  arcs  Gfl^and  HI.    Moreover,  if 

from  the  ordinate  CH  there  be  fubduftcd  half  the  fum 
of  the  ordinates  BG  and  jD/,  and  from  the  ordinate 
J)  I  there  be  fubduded  half  the  fum  of  the  ordinates 
CH znd  EKy  there  will  remain  R^ 0  and  R^(?-|-  5  S©^ 
the  vcrfed  fines  of  the  arcs  G I  and  HK.  And  thefe 
are  proportional  to  the  lineblas  LHzx\A  NI^  and  there- 
fore in  the  duplicate  ratio  of  the  infinitely  fmall  times 

T  and  t :  and  thence  the  ratio  t^  is  ^  — ^^^ —  or 

R  +  iSa  .  txGH      '^^  ,    zMIxNI    ^ 

fubftituting  the  values  of  — ,  GH»  HU  ^I  and  NI 


I  Soo 


juft  found,  becomes  5— ^  V  i  -|-  QQ.  And  fince  zNI 

is  iRo^,  the  refiftance  will  be  now  to  the  gravity  as 

^-^Vi-l-QjQ^to  2  iL^Oy  that  is,  as  5  S  V  i  -|-  Q^Q. 

to4RR. 

And  the  velocity  will  be  fuch,  that  a  body  go- 
ing off  therewith  from  any  place  /f,  in  the  diredion 
of  the  tangent  JFfJV,  would  defcribe,  in  vacuo,  a  Pa- 
rabola,^  whofe  diameter  is  HC^  and  its  latus  redum 

Ni  °'^ — 

And 
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And  the  rcfiftance  is  as  the  denfity  of  the  medium 
and  the  fquare  of  the  velocity  conjunftly;  and  there- 
fore the  denfity  of  the  medium  is  as  the  refiftance  di- 
rcftly,  and  the  fquare  of  the  velocity  inverfely ;  that 

^  ''^^  ^RR^^direaiy  and    '  "'^^^inverfe- 

S 

ly ;  that  is,  as  ,  O.  E.  I. 

CoR.  I.  If  the  tangent  HN  be  produced  both 
ways,  fo  as  to  meet  any  ordinate  JF  in  T: will 

be  equal  to  V  i  -|-.  Q^Q,  and  therefore  in  what  has 
gone  before  may  be  put  for  \/i  -|-  Q  0^  By  this  means 
the  refiftance  will  be  to  the  gravity  as  iSxHTxo 

4RR  x-^C  \  the  velocity  will  be  as ,    and 

jiCiJ  R. 

the  denfity  of  the  medium  will  be  as  —^ — — , 

Cor.  2.  And  hence,  if  the  curve  lineP/'/f^  be 
defined  by  the  relation  between  the  bafe  or  abfciffa^C 
and  the  ordinate  C/T,  as  is  ufual;  and  the  value  of  the 
ordinate  be  refolved  into  a  converg  ng  feries :  The  pro- 
blem will  be  expeditiouQy  folved  by  the  firft  terms  of 
the  feries  j  as  in  the  following  examples. 

Example  i.  Let  the  linePJ'/ir^be  a  femi-circle 
defcribed  upon  the  diameter  F  O  C^q  find  the  den- 
fi^  of  the  medium  that  (hall  make  a  projeftile  move 
withat  line. 

Bifeft  the  diameter  F  Ojvi  A\  and  call  AO.n\ 
-^C  4;  CH,  e;  and  CD,o:  then  DP  or  AO^  — 
•^D*  =  nn — aa  —  lao — ooy  or  ee — zao  —  00  ; 
^  the  root  being  extraded  by  our  method,  will  give 
TV,  ao       00       aaoo       ao^  a^  0^ 


€         ze       le^         z$^  ze^ 

A  &c. 
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&c.    Here  put  nn  iox  ee  -j-aa^  and  D I  will  become 

ao        nnoo        anno^ 

=  tf ^ &c. 

Such  feries  I  diftinguifli  iDto  fuccefllve  terms  after 
this  manner  t  I  call  that  the  firft  term,  in  which  the 
infinitely  fmall  quantity  o  is  not  found ;  the  fecond, 
in  which  that  quantity  is  of  one  dimcnfion  only  i  the 
third,  in  which  it  arifes  to  two  dimenfions  ;  the 
fourth,  in  which  it  is  of  three  j  aod  fo  ad  infimtHm. 
And  the  firft  term,  which  here  is  ^,  will  always  de- 
note the  length  of  the  ordinate  C/f,  ftanding  at  the 
beginning  cJ  the  indefinite  quantity  o.     The  fecond 

term,  which  hwe  is  — ,  will  denote  the  difference  bc- 

tween  CHsind  DN;  that  is,  the  lineola  MIV  which 
Ss  cut  off  by  compleating  the  parallelogram  HCDMi 
and  therefore  always  determines  thepofition  of  the  tan- 
gent HNy  as,  in  this  cafe,  by  taking  MN  to  HMi^ 

A  0 

—  to  0,  or  A  to  e.    The  thu'd  term,  which  here  if 

— Y^  will  reprefent  the  lineola  IN^  which  lies  be- 
tween the  tangent  and  the  curve ;  and  therefore  deter- 
mines the  angle  of  contad  IHN^  or  the  curvature 
whi^h  the  curve  line  has  in  //.  If  that  lineola  IN  is 
of  a  finite  magnitude,  it  will  be  exprefs'd  by  the  third 
term  togetlwr  with  thofe  that  foHow  in  infinitum.  But 
if  that  hneola  be  diminrfhed  in  infinitum^  the  terms  fol- 
lowing become  infinitely  lefs  than  the  third  term,  and 
therefore  may  be  negleded.  The  fourth. term  deter- 
mine the  variation  of  the  curvature  ;  the  fifth,  the 
variation  of  the  variation ;  and  (0  on*  Whefice^  by 
the  way,  appears  no  contemptible  ufc  of  thcfe  feries  in 
the  folution  of  problems  that  depend  upon  tangems, 
and  the  curvature  of  curves. 


Now 
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,     ^  .               do       nnoo       anno^ 
Now  compare  the  lenes  e  —  — ; ;- 

*  e         Lc^  ze^ 

—  &c.  with  the  feries  P  —  Qo  —  Koo  —  So'  —  Sec. 
and  for  P,  Q,  R  and  S  put  e^  —y  — r   and  —  .  ,    and 


for  Vi-|-Q^Q.put  y  I  A^tl  or  -— ;  and  the  den- 


a 


%  of  the  medium  will  come  out  as  — ,  that  is,  (be- 


ne 


caufe  n  is  given)  as  — ,  or  tttj-j    that    is,   as    that 

length  of  the  tangent  HT^  which  is  terminated  at  the 
femidiameter  ^F  {landing  perpendicularly  on  P  O^:^ 
and  the  refiffance  will  be  to  the  gravity  as  54  to  a», 
that  is,  as  j^^C  to  the  diameter  P  O^of  the  circle  ; 
and  the  velocity  will  be  as  *J  CH.  Therefore  if  the 
body  goes  from  the  place  F,  with  a  due  velocity,  in  the 
direftion  of  a  line  parallel  to  P  Oy  and  the  denfiry  of 
the  medium  in  each  of  the  places  H  is  as  the  length  of 
the  tangent  HT^  and  the  refiftance  alfo  in  any  place  H 
is  to  the  force  of  gravity  as  ^ACio  P  CK  that  body 
will  defcribe  the  quadrant  FHO^ofz  circle.     O.  E.  I. 

But  if  the  fame  body  Ihould  go  from  the  place  P^ 
in  the  direftion  of  a  line  perpendicular  to  P  O,  and 
fcould  begin  to  move  in  an  arc  of  the  femi^circle 
PFQj  we  muft  take  -4  C  or  4  on  the  contrary  fide  of 
the  centre  A ;  and  therefore  its  Cgn  muft  be  changed, 
2nd  we  muft  put  — a  for  -[-  a.     Then  the  denfity  of 

the  medium  would  come  out  as .  But  nature  does 

e 

oot  admit  of  a  negative  denfity,  that  is,   a   denfity 

which  accelerates  the  motion  of  bodies ;  and  therefore  it 

eannot  naturally  come  to  pafs,  that  a  body  by  afcending 

from  P  fhould  defcribe  the  quadrant  Pf  of  a  circle. 

To  produce  fuch  an  eflFcd,  a  body  ought  to  be  acce^ 

Voi.II.  D  Icratcd 
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lerated  by  at)  impelling  medium,  and  not  impeded  by 
a  refifting  one. 

Example  2.  Let  the  line  PF O^  be  a  Parabola, 
having  its  axis  ^  F  perpendicular  to  the  horizon  P  O  ; 
to  find  the  denfity  of  the  medium,  which  willmakTa 
projedilc  move  in  that  line.     Fig.  4. 

From  the  nature  of  the  Parabola,  the  re<3angle  P  D  O^ 
is  equal  to  the  recSangle  under  the  ordinate  DI  and 
fomc  given  right  line :  that  is,  if  that  right  line  be 
called  by  PCy  a;  P  0,c;  CHy  e ;  and  CD,  0  ;  the 
reftangle  ^-[-(7  into  c — a  —  a  or  ac — a  a  —  iao-\- 
CO — 00  is  equal  to   the  redangle  b  into  DI^    and 

\  n  ■  4^"—  4  4      , 

therefore  D/  is   equal   to  7 j- 


-7-.     Now  the  fecond  term  — -. —  0  of  this  feries  is  to 
b  b 


00 


be  put  for  Qj^,  and  the  third  term  --r-  for  Koo.    But 

fince  there  are  no  more  terms,  thfe  coefficient  S  of  the 

fourth  term  will  vanifh ;  and  therefore  the  quantity 

S 
- — ,,  ,  to  which  the  denfity  of  the  medium  is 

proportional,  will  be  nothing.  Therefore,  where  the 
mediuni  is  of  no  denfity,  the  projectile  will  move  in  a 
Parabola  ;  as  Galileo  hath  heretofore  demonftrated. 
Q.E.I. 

Example  5.  Let  the  line  -^GATbe  an  Hyperbola, 
having  its  afymptote  NX  perpendicular  to  the  horizon- 
tal ^XzntAKi  to  find  the  denfity  of  the  medium, 
that  will  make  a  projeftile  move  in  that  line.   Fig.  5. 

Let  MX  be  the  other  afymptote,  meeting  the  ordi- 
nate DG  produced  in  ^;  and  from  the  nature  of  the 
Hyperbola,  the  redangle  of  JT/^  into  FG  will  be  gi- 
ven. There  is  alfo  given  the  ratio  of  DN  to  ^JT, 
and  therefore  the  redangle  of  UA^into  ^C?  is  given* 
Let  that  be  bb :  and,  compleatiifig  the  parallelogram 
2  DNXZ^ 
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DNXZi  let  BNht  called  a ;  BDyO\  NX,  c  ,•  and 


m 


let  the  given  ratio  of  V'Z  to  ZX  ox  DNh^—.   Then 

bb 
DN  will  be  equal  to  a — o,  VG  equal  to  — — ,  VZ 


m^ 


equal  to  -xa—oy  and  GD  or  -ATX—  ^2'—  TG 
ft 

,  «i      ,  »f  ^^      •       .  ^^ 

qual  to  c 4-^ —  0 .  Let  the  term 

n       '    n  a  —  o  a — o 

be  refolved  into  the  converging  feries \ o  -j- 

hh  bb 

T^^"h~^^^  &c.   and  GP  will  become  equal  toe— 

w  bb     '  m  bb  bb  ^*    ,  «      ^, 

-a U~  0 — —  0 ;  0^  — -ro^&c.The 

»  4    *    »  aa  a^  a^ 

fecond  term  —o o  of  this  feries  is  to  be  ufed  for 

n  aa 

bb 
Qjff  the  third  -jo^  with  its  fign  changed  for  Ko^^ 

bb 
and  the  fourth  —  o^  with  its  fign  changed  alfo  for 

So^  and  their  coeflScients ,  -r  and  --r  are 

«        aa    a^  a^ 

to  be  put  for  Q,,  R  and  S    in   the   former  Rule. 

Which    being   done,   the  denCty    of  the    medium 

bb 


vill  come  out  as  -r: —  '    .  .  — rr  of 

4 


bb  yj  mm        zmbb    ,    b^ 


\/       ,   mm  zmbb       b"^ 

y  aa  A aa i 

nn  n       ^   aa 


nn  naa         a^ 

y  that  is,  if  in  FZ 


D  z  yo^ 
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you  take  ^ equal  to  V'Gy  as  — -.   For  4 4  and  — a- 
'  XT  »* 

imbt  ,   ^*  ,     ^  -  „^      ,   ^^     .^ 

are  the  fquares  of  XZ  and  ZT.    But 

»  aa 

the  ratio  of  the  refiftance  to  gravity  is  found  to  be 

that  of  3  XT  to  iTG  ;  and  the  velocity  is  that  with 

which  the  body  would  defcribc  a  Parabola,  whofe  ver- 

XT^ 
texis  (7,  diameter  DGy  latus  reftum  -rr^r*     Suppofe 

therefore  that  the  denfitics  of  the  medium  in  each  of 
the  places  G  are  reciprocally  as  the  diftanccs  XT,  and 
that  the  refiftance  in  any  place  G  is  to  the  gravity  as 
3  XT  to  iTG ;  and  a  body  let  go  from  the  place  ^, 
with  a  due  velocity,  will  defcribe  that  Hyperbola  AGK, 
O.E.I. 

Example  4,  Suppofe  indefinitely,  the  line-^GiRr 
to  be  an  Hyperbola,  defcribed  with  the  centre  Xy  and 
the  afymptores  MX^  NXj  fo  that,  having  conftruded 
theredangle  XZDNy  whofe  fide  ZD  cuts  the  Hyper- 
bola in  G  and  its  afymptotc  in  /^  f^G  may  be  recipro- 
cally as  any  power  DA''*  of  the  line  ZX  or  DJV^ 
whofe  index  is  the  number  11 .-  To  find  the  denfity  of 
the  medium  in  which  a  projeScd  body  will  defcribe 
this  curve.     Fig.  5. 

For  BJVjBDy  ATX  put  A,0,C  refpedivcly,  and 
let  rz  be  to  XZ  or  DiST  as  d  to  f,  and  f^G  be  equal 

to  — - ;  then  D  A^  will  be  equal  to  A  —  O,  f^G  z=z 

,  rz—  ~K  — 0,vcii  CD  or  NX— FZ 

Ad  bb 

—  ^G equal  to  C A-U— O —  ...  Let 

c        ^    e  A— 0|' 

the  term be  rcfolvedinto  an  vc&vm,  feries  --- 

A  — Of  -  A" 
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xi^O^  &c.  and  C?P  will  be  equal  to  C  — --.  A  — 

e 

A"    '  ^  A»+'  2A"+* 

6A«+3 

—  O —  -—3—  O  of   this    feries   is  to    be  ufcd   for 
t  A«+' 

Qj?,  the  third  "V*7     ^^O*  for  Kooy  the  fourth 

!l:FS^H-^«^^Q3fQr  Sg^   And  thence  the  den- 
6A«+3 

S 

fity  of  the  medium ,  t  in  any  place  (7, 

will  be  • ■  9  ^d 

^  A^  *    r^  fA"  *     A*" 

therefore  if  in  FZ  you  take  FT  equal  to  nxFG^  that 

dcnfity  is  reciprocally  as  XT.    For  A*  and  —  A*  — - 

linbb  ^    ,    if»M  ,      -  ^  _-_.      J    _^ 

— ; —  A -4-  -T —  are  the  fquares  of  XZ  and  2^7: 
«A»         *    A*»  ^ 

But  the  refiftance  in  the  fame  place  G  is  to  the  forc« 

XT 
rf gravity  as  jSx-—  t0  4RK»  that  is,  as  Jrrto 
A 

— ^^^  VG.    And  the  velocity  there,  is  the  fame 

wherewith  the  projeded  body  would  move  in  a  Pa- 
ttbola,  whofe  vertex  is  G,  diameter  GZ>,  and  latus 

D  }  S  G  H  O  - 
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Scholium. 

In  the  fame  mariner  that  the  denfitjr  of  the  medium 

comes  out  to  be  as  ■- — — -:,  in  Corol.  i.   if  the  re- 
R  X  HI 

fiftance  is  put  as  any  power  V"  of  the  velocity  V, 

the  denfity  of  the  medium  will  come  out  to  be  as 


And  therefore  if  a  curve  can  be  found,  fuch  that 

.the  ratio  of     4— »  to ,    or   of    „4-»    to 

R—     ^c\  R 

i-hQQl'"'  mav  be  given :  the  body,  in  an  uni- 
form medium,  whofe  refiftance  is  as  the  power  V"  of 
the  velocity  V,  will  move  in  this  curve*  But  let  us 
return  to  more  fimple  curves. 

Becaufe  there  can  be  no  motion  in  a  Parabola  except 
in  a  non-refifting  medium,  but  in  the  Hyperbola's  here 
defcribed  'tis  produced  by  a  perpetual  refiftance ;  it  is 
evident  that  the  line  which  a  projeftile  defcribes  in 
an  uniformly  refitting  medium,  approaches  nearer  to 
thefe  Hyperbola's  than  to  a  Parabola.  That  line  is  cer- 
tainly of  the  hyperbolic  kind,  but  about  the  vertex  it 
is  more  diftant  from  the  afymptotes,  and  in  the  parts 
remote  from  the  vertex  draws  nearer  to  them,  than 
thefe  Hyperbola's  here  defcribed.  The  difference  how- 
ever is  not  fo  great  between  the  one  and  the  other,  but 
that  thefe  latter  may  be  commodioufly  enough  ufed  in 
pradice  inftead  6f  the  former.  And  perhaps  thefe  may 
prove  more  ufeful,  than  an  Hyperbola  that  is  more  ac* 
curate,  and  at  the  fame  time  more  compounded.  They 
may  be  made  ufe  of  then  in  this  manner.    Fig.  5. 

Conw! 
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Complcat  the  parallelogram  XTGTy  and  the  right 
line  G  T  will  touch  the  hyperbola  in  G,  and  there- 
fore the  denfity  of  the  medium  in  G  is  reciprocally  as 

the  tangent  GT^    and  the  velocity  there,  as  ^ , 

and  the  refiftancc  is  to  the  force  of  gravity  as  GTto 

— rJ — X  or. 

Tnereforc  if  a  body  projefted  from  the  place  j4  in 

the  dircdion  of  the  right  line  AHy  (Jig.  6.)  defcribes 

the   Hyperbola  AGK^  and  AH  produced  meets  the 

afymptote  NX  in  //,    and  AI  drawn  parallel  to  it 

meets  the  other  afymptote  MX\TiI  \  the  denfity  of  the 

medium  in  A  will  be  reciprocally  as  AH»  and  the  ve- 

A  IP" 
locity  of  the  body  as  ^  — -;>-  ,   and   the    refiftance 

Ai 

there   to  the  force  of  gravity  as  AH  to ^ — 

X  A/.     Hence  the  following  rules  are  deduced. 

Rule  i.  If  the  denfity  of  the  medium  at  Aj  and 
the  velocity  with  which  the  body  is  projefted  remain 
the  fame,  and  the  angle  NAH  he  changed;  the  lengths 
AHj  AIj  HX^\\\  remain.  Therefore  if  thofe  lengths, 
in  any  one  cafe,  are  found,  the  Hyperbola  may  afterwards 
be  eafily  determined  from  any  given  ai^le  NAH. 

Rule  i.  If  the  angle  NAH,  and  the  denfity  of 
the  medium  at  A  remain  the  fame,  and  the  velocity 
with  which  the  body  is  projeded  be  changied,  the 
hngth  AH  will  continue  the  fame  ;  and  A I  will  be 
changed  in  a  duplicate  ratio  of  the  velocity  recipro- 
cally. 

Rule  5,  If  the  angle  NAH^  the  velocity  of  the 
body  at  A^  and  the  accelerative  gravity  remain  the 
fame,  and  the  proportion  of  the  refiftance  at  yf  to  the 
aiotive  gravity  be  augmented  in  any  ratio ;  the  propor- 
ijon  of  ^>ff  to  ^/will  be  augmented  in  the  fame  ratioy 
P  4  the 
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the  latus  reftum  of  th^  abovementionccj  Parabola  re- 
m^ining  the  fame,  and  alfo  the  length  — -—    proper- 

sional  to  it ;  and  therefore  AH  will  be  dinninilhed  ia 
the  fanfie  ratio,  and  ^/ will  be  diminilhed  in  the  dupli- 
cate of  that  ratio.  But  the  proportion  of  the  refiftance 
to  the  weight  is  augmented,  when  either  the  fpecific 
gravity  is  made  lefs,  the  magnitude  remaining  equal, 
or  when  the  dcnfity  of  the  medium  is  made  greater,  or 
when,  by  diminiftiing  the  magnitude,  the  reliftance  be* 
comes  diminilhed  in  a  lefs  ratio  than  the  weight. 

Rule  4.  Bccaufe  the  denfity  of  the  medium  is 
greater  near  the  vertex  of  the  Hyperbola,  than  it  is  ia 
the  place  ^;  that  a  mean  denfity  may  be  preferv'dt 
the  ratio  of  the  leaft  of  the  tangents  GT  to  the  tangent 
jiH  ought  to  be  found,  and  the  denfity  in  ji  aug- 
mented in  a  ratio  a  little  greater  than  that  of  half  the 
fum  of  thofe  tangents  to  the  leaft  of  the  tangents  G  T. 

Rule  5.  If  the  lengths  uiH,  -^/are  given,  and 
the  figure  ^GiT  is  to  be  defcribed  :  produce  HIV  to 
Xj  fo  that  HX  may  be  to  A I  as  i/-|-  i  to  i ;  and  with 
the  centre  JT,  and  the  afymptotes  MX,  NX  defcribe 
an  Hyperbola  thro'  the  point  -/if,  fuch  that  AI  mzy  be 
to  any  of  the  lines  rC  as  XT''  to  XI". 

RuLE<5.  By  how  much  the  greater  the  number  n 
is,  fo  much  the  more  accurate  are  thefe  Hyperbola's  in 
the  afcent  of  the  body  from  -^,  and  lefs  accurate  in  its 
Jefcent  to  K ;  and  the  contrary.  The  Conic  Hyper- 
bola keeps  a  mean  ratio  between  thefe,  and  is  more  fim- 
ple  than  the  reft.  Therefore  if  the  Hyperbola  be  of 
this  kind,  and  you  are  to  find  the  point  K^  where  the 
projeded  body  falls  upon  any  right  line  AN  paffing 
thro'  the  point  A :  let  AN  produced  meet  the  afymp- 
totes AiX^  NX  in  M  and  JV,  and  take  NK  equal  to 
AM. 

RuLj  7.  And  hence  appears  an  expeditious  method 
of  determining  this  Hyperbola  from  the  phasnomena. 

Let 
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Ln  wo  dmilar  and  cqtal  bodies  be  projefled  with  the 
fame  velocity,  in  different  angles  H/^K,  hAk^,  (Fig.  €.) 
and  let  them  fall  upon  the  plane  of  the  horizon  in  K 
and  i^;  and  note  the  proportion  of  AKio  Aks,  Let  it 
be  as  d  to  f.  Then  erefting  a  perpendicular  uil  of  any 
length,  affumc  any  how  the  length  AHor  Ah^  and 
thence  graphically,  or  by  fcale  and  compafs,  colled  the 
lengths  AKy  Ak^  (by  Ruled.)  If  the  ratio  of  ^JC 
to  yf  i^  be  the  fame  with  that  of  d  to  r,  the  length  of 
AH  was  rightly  affumcd.  If  not,  take  on  the  indefinite 
right  line  SMy  {Fig.j.)  the  length  ^J^W  equal  to  the  at 
fumed  AH\  and  ered  a  perpendicular  MN^  equal  to 

AK        d 

the  difference  •--r  —  —  of  the  ratio's  drawn  into  any^ 

given  right  line.  By  the  like  method,  from  feveral  af- 
fiuned  lengths  AHy  you  may  find  feveral  points  Ni 
and  draw  thro*  them  all  a  regular  curve  NNXN^  cut- 
ting the  right  Wnz  SMMM  in  X.  Laftly,  affume 
uffl" equal  to  the  abfciffa  SX^  and  thence  find  again  the 
length  AK\  and  the  lengths,  which  are  to  the  affumed 
length  A I  and  this  laft  AHy  as  the  length  ^JSTknown 
by  experiment,  to  the  length  ^-K"  laft  found,  will  be 
the  true  lengths  ^/and  AHj  which  were  to  be  found. 
But  thcfe  being  given,  there  will  be  given  alfo  the  re- 
filling force  of  the  medium  in  the  place  A^  it  being  to 
the  force  of  gravity  as  AH  to  xAL  Let  the  denfity 
of  the  medium  be  increafed  by  Rule  4.  and  if  the  re- 
fifting  force  juft  found  be  increafed  in  the  fame  ratioj^ 
it  wiB  become  ftill  more  accurate. 

Rule  8.  The  lengths  AH,  HX  being  found  5  leC 
there  be  now  required  the  pofition  of  the  line  AH^ 
according  to  which  a  projeftile  thrown  with  that  gi*- 
▼en  velocity,  ihall  fall  upon  any  point  K.  At  the 
points  A  and  K,  {Bg  6.)  ereft  the  lines  AC^  Kl^f^r^ 
pendicular  to  the  horizon  ;  whereof  let -id?  C  be  drawn 
downwards,  and  be  equal  to  ^/  or^HX  With  tht 
a/ymptotcs  jiK^  KF,  defcribe  an  Hyperbola,  whofe 

con- 
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conjugate  fhall  pafs  thro*  the  point  C;  and  from  the 
centre  ji^  with  the  interval  jiHy  dcfcribe  a  circle  cut- 
ting that  Hyperix)la  in  the  point  H ;  then  the  pro- 
jedile  thrown  in  the  c^reAion  of  the  right  line  ^H 
vtiW  fall  upon  the  point  K^  Q.  E.  I.  For  the  point 
Hj  becaufe  of  the  given  length  jiH^  rauft  be  iomc- 
where  in  the  circumference  of  the  defcribcd  circle. 
Draw  CH  meeting  JK  and  KF  in  £  and  f;  and  be- 
caufe CHy  MX^re  parallel,  and  ytC,  A I  equal,  jIE 
will  be  equal  xo  J  My  and  therefore  alfo  equal  to  KN^ 
But  CE  is  to  AE  as  f//to  KN^  and  therefore  CE 
and  f/f  are  equal.  Therefore  the  point  H  falls  upon 
the  hyperbolic  curve  defcribed  with  the  afymptotes 
AKy  KFi  whofe  conjugate  pafles  thro'  the  point  C; 
and  is  therefore  found  in  the. common  interfedion  of 
thi^  hyperbolic  curve  and  the  circumference  of  the  de- 
fcribed circle.  O.E.  T>.  It  is  to  be  obferved  that  this 
operation  is  the  fame,  whether  the  right  line  A  KN 
be  parallel  to  the  horizon,  or  inclined  thereto  in  any 
angle  ;  and  that  from  two  interfcftions  //,  H^  there 
arife  two  angles  NAHy  NAH*y  and  that  in  mechani- 
cal praftice  it  is  fuflScient  once  to  defcribe  a  circle, 
then  to  apply  a  ruler  C//,  of  an  indeterminate  length, 
fo  to  the  point  C,  that  its  part  F  H^  intercepted  be- 
tween the  circle  and  the  right  line  FX,  may  be  equal 
to  its  part  CE  placed  between  the  point  Cand  the  right 
line  AK. 

What  has  been  faid  of  Hyperbola's  may  be  eafily 
Applied  to  Parabola's,  For  if  (F/g.8.)  a  Parabola  be 
reprefented  by  XAGKj  touched  by  a  right  line  XF 
in  the  vertex  X;  and  the  ordinates  lA^  f^G  be  as  any 
powers  XJ"y  XV^  of  the  abfciffa's  X/,  X^;  draw 
Jrr,  GTy  AH,  whereof  let  XT  be  parallel  to  VG^ 
and  let  (7 7;^ //touch  the  Parabokin  G  and  A:  and 
a  body  projefted  from  any  place  A,  in  the  direaioa 
6f  the  right  line  AHy  with  a  due  velocity,  will  de- 
fcribe this  Parabph,  if  the  denfity  of  the  medium  in 

each 
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each  of  the  places  <7,  be  reciprocally  as  the  tangent 
GT,  In  that  cafe  the  velocity  in  G  will  be  the  fame 
as  would  caufe  a  body,  moving  in  a  non-refifting  fpac^, 
to  defcribe  a  Conic  Parabola,  having  G  for  its  ver- 
tex, VG  produced  downwards  for  its  diameter,  and 

' — —  for  its  latus  reftum*    And  the  refifting 
»» — nxV'G 
force  in  6  will  be  to  the  force  of  gravity,  as  ^7"  to 

— — — VG.  Therefore  if  NJK  reprefent  an  ho- 
rizontal line,  and,  both  the  denHty  of  the  medium  ac 
A  and  the  velocity  with  which  the  body  is  pro- 
jefted,  remaining  the  fame,  the  angle  NAM  be  any 
how  alter'd ;  the  lengths  ^//,  AU  /^JT  will  remain  i, 
and  thence  will  be  given  the  vertex  X  of  the  Parabola, 
and  the  pofijion  o?  the  right  line  XL  and  by  taking 
f^G  to  I A  as  Xf^*  to  XI'' J  there  will  be  given  all  the 
points  G  of  the  Parabola,  thro*  which  the  projcailc 
willpafti 
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SECTION    m. 

Of  the  Motions  of  Bodies  which  are  re- 
.  Jified  paKtly   in  the  ratio  of  the  Fe^ 

kcities^  and  fartly  in  the  duplicate  of 

the  fame  ratio. 


Proposition  XL     Theorem  VIIL 

If  a  body  be  rejijled  partly  in  the  ratio,  and 
partly  in  the  duplicate  ratio  of  its  'veloci- 
ty y  and  moves  in  a  fimijar  medium  by  its 
innate  force  only  ;  and  the  times  be  taken  in 
arithmetical  progreffion :  then  quantities  reci- 
procally proportional  to  the  velocities y  in- 
creafed  by  a  certain  given  quantity  y  will  be 
in  geometrical  progrejfion.    PI.  j .  Fig.  i . 

With  the  centre  C,  and  the  reftangular  afymptotcs 
CJDd  and  Ci?  defcribe  an  Hyperbola  BEe^  and  let 
jiByDE^  de^  be  parallel  to  the  afymptote  CH.  In  the 
afymptote  CD  let  J^  G  be  given  points :  And  if  the 
time  be  expounded  by  the  hyperbolic  area  ABED 
uniformly  increaCng  ;  I  fay  that  the  velocity  may  be 
cxprefa'dby  the  length  DF,  whofe  reciprocal  GD  to- 
gether with  the  given  line  CG,  compofe  the  length 
CD  increafing  in  a  geometrical  progreffion. 

%  For 
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For  kt  the  areola  DEed  be  the  leaft  given  increr 
xnent  of  the  time,  and  Dd  will  be  reciprocally  $sD£, 
and  therefore  direftly  as  CD.  Therefore  the  decre- 
ment of -^,  which  (by  Lem.  2.  Book  z.)  is  — — . 

CIX        CGA-GD       •       . 

will  be  alfo  as  — --  or  — -    '       -  >    that   is,  a$ 

I  C  G 

— .  -U  -— ..    Therefore  the  time^B£P  uniform- 
GD    ^  GD^ 

ly  increafing  by  the  addition  of  the  given  particles 


EDdcy  it  follows  thlt  ^—^  decreafes  in  the  fame  ratio 

with  the  velocity.  For  the  decrement  of  the  velocity 
is  as  the  refiftance,  that  is,  (by  the  fuppofitionj  as  the 
fum  of  two  quantities,  whereof  one  is  as  the  vck>citv# 
and  the  other  as  the  Iquarc  of  the  velocity  ;  and  the 

decrement  of  ^7^  is  as  the  fum  of  the  quantities  ^~ 

and  — —  ,  whereof  the  firft  is  — -  it  felf,   and  the 
(jD^  GD 

CC*  1  I 

hft  — —  is  as  ——  :  therefore  —  is  as  the  veloci* 

ty,  the  decrements  of  both  toeing  analogous.    And  if 

the  quantity  GD,  reciprocally  proportional  to  ^^,  be 

augmented  by  the  given  quantity  CG;  the  fum  CD^ 
the  time  ABED  uniformly  increafing,  will  increafein 
a  geometrical  prc^rcffion.     O^^E.D. 

Cor.  I.  Therefore,  if,  having  the  points^  and  G 
given,  the  time  be  expounded  by  the  hyperbolic  area 

ABEDy  the  velocity  may  be  expounded  by  ^    the 

reciprocal  of  GD. 

Cor.  2.  And  by  taking  GA  to  GD  as  the  recipro- 
cal  of  the  velocity  at  the  beginning,  to  the  reciprocal 
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of  the  velocity  at  the  end  of  any  time  jiBED,  the 
point  G  will  be  found.  And  that  point  being  found, 
the  velocity  may  be  found  from  any  other  time  given* 

Proposition  XII.     Theorem  IX. 

i^e  fame  things  being  fuppofedy  I  Jay y  that  if 
the  [faces  defer ibed  are  taken  in  arithmetical 
progrefpony  the  'velocities  augmented  by  a 
certain  given  quantity  will  be  in  geometrical 
progreffion.    Pi.  3*  Fig.  2. 

In  the  afymptote  CJ>  let  there  be  given  the  point 
Kt  and  eredin^  the  perpendicular  K  S  meeting  the  Hy- 
perbola in  iS,  let  the  fpace  dcfcribed  be  expounded  by 
the  hyperbolic  area  RSED  ;  and  the  velocity  will  be 
as  the  length  GDy  which,  together  with  the  given 
line  CG>  compofes  a  length  CD  decreafing  in  a  geo- 
metrical progreffion,  while  the  fpace  RSED  increafes  in 
an  arithmetical  progreffion* 

For,  becaufe  the  increment  EDde  of  the  fpace  is 
given,  the  lineola  Ddy  which  is  the  decrement  of  GD% 
will  be  reciprocally  as  £2),  and  therefore  direftly  as 
C  D ;  that  is,  as  the  fum  of  the  fame  G  D  and  the  given 
Jength  CG.  But  th?  decrement  of  the  velocity,  in  a 
time  reciprocally  proportional  thereto,  in  which  the 
given  particle  of  fpace  DdeE  is  defcribed,  is  as  the  re- 
liflance  and  the  time  conjundily,  that  is,  direftly  as  the 
fum  of  two  quantities,  whereof  one  is  as  the  velocity, 
the  other  as  the  fquare  of  the  velocity,  and  inverfely 
as  the  velocity ;  and  therefore  direftly  as  the  fum  of 
two  quantiiies,  one  of  which  is  given,  the  other  is  as 
the  velocity.  Therefore  the  decrement  both  of  the 
velocity  and  the  line  G  D,  is  as  a  given  quantity  and  a 
decreafing  quantity  conjunftly  ,•  and,  becaufe  the  de- 
crements ^ic  analogous,  the  decreafing  quantities  will 

always 
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always  be  analogous;  viz..  iht  velocity,  and  the  fintf 
GD.     OjE.D. 

Cor.  I.  If  the  velocity  be  expounded  by  the  length 
GD,  the  fpace  defcribcd  will  be  as  the  hyperbolic  area 
DESH. 

CoR.  z.  And  if  the  point  R  be  aflumed  any  how,- 
the  point  G  will  be  found,  by  taking  G  Rto  GD^  at 
the  velocity  at  the  beginning  to  the  velocity  after  any 
(pzctRSED  isdefcribed.  The  point  G  being  given, 
the  fpace  is  given  from  the  given  velocity  :  and  the 
contrary. 

CoR.  3.  Whence  fmce  (by  Prop,  ii  J  the  velocity 
is  given  from  the  given  time,  and  (by  this  Prop.)  the 
fpace  is  given  from  the  given  velocity  ;  the  fpace  will 
be  given  from  the  given  time  :  and  the  contrary. 

Proposition  XIII.  Theorem  X. 
Suppojing  that  a  body  attracted  downwards  by 
an  uniform  gravity  afcends  or  defcends  in  a 
right  line  5  and  that  the  fame  is  refijied^ 
partly  in  the  ratio  of  its  velocity j  and  partly 
in  the  duplicate  ratio  thereof :  I  fay  that ^  if 
right  lines  parallel  to  the  diameters  of  aCircle 
and  an  Hyperbola  be  drawn  thro"  the  ends  of 
the  conjugate  diameters y  and  the  velocities  be 
as  fome  fegments  of  thofe  parallels  drawn 
from  a  given  point  5  the  times  will  be  as  the 
feBors  of  the  areas,  cut  off  by  right  lines  drawn 
from  the  centre  to  the  ends  of  the  fegments ; 
and  the  contrary.    PI.  3.  Fig.  3. 

Case  i.  Suppofe  firft  that  the  body  is  afcendiog,' 
^d  (torn  the  centre  D,  with  any  femidiameter  D  B,  dc- 
fcribc  a  quadrant  BETF  of  a  circle,  and  thro*  the 

end 


Digitized  byVjOOQlC 


4S  Mathematical  TrincipUs    Book  Zl 

ends  of  the  femtdkmeter  DB  draw  tbt  indefinite  Ii«4 
3?^?,  parallel  to  the  femidiameter  D  i^     In  that  \ia< 
let  there  be  given  the  point  A,  tuul  take  the  fegment 
^P  proportioflal  to  the  velocity i     And  fin^eone  pare 
of  the  refiftance  is  as  the  velocity,  and  another  part  as 
the  fquare  of  the  vetocity  ;  let  the  whole  refiftance  be 
^s  jiP*  -|-  2  BA  P.    Join  DAy  V  P  cutting  the  circle- 
in  E  and  T,  and  lee  the  gravity  be  expounded  by  DA^  9 
fo  that  the  gravity  (hall  be  to  the  refiftance  in  P,  as^ 
I>^*  to  ^?*-\-^5>4iP  ;  and  the  time  of  the  whole 
afcent  will  be  as  the  fedor  EDToi  the  circle. 

For  draw  Df^Q,  cutting  off  the  rrwment  P  0^o£ 
the  velocity  ^?,  and  the  moment  DT'/^ofthe  Ittlav 
I>£T  anfwering  to  a  given  moment  of  time ;  and  tfaac 
decrement  P  Q^  of  the  velocity  will  be  as  the  fum  of  the 
forces  of  gravity  DA^  and  of^refiftance-/iP*  -|-  iBAPj 
that  is,  Cby  iz  Prop.,  z  Book  Elem.)  as  D?*.     Then 
the  area  DPOy  which  is  proportional  10  POj  is  as 
P  ?S  and  thearea  D  Tf^y  which  is  to  the  area  Idp  jO  as. 
I>T^  to  DP^%  is  as  the  given  quantity  D  J**.  Therefore 
the  area  fDT^decreafes  uniformly  according  to  the 
rate  of  the  future  time,  by  fubduftion  of  given  parti- 
cles DTy^  and  is  therefore  proportional  Co  the  time  of 
the  whole  afcent.    Q.  E,D* 

Case  2.  If  the  velocity  in  the  afcent  of  the  body 
beexpoundd  by  the  length  -^?  as  before,  and  the  re- 
fiftance be  macie  as  AP^  -|-  2  BAPy  and  if  the  force 
of  gravity  be  lefs  than  can  be  exprcffed  by  DA* ;  take 
SD  (/Vf.40  of  fuch  a  length,  that  AB^-^BD^ 
may  be  proportional  to  the  gravity,  and  let  DF  be  per- 
pendicular and  equil  to  DB,  and  thro'  the  vertex  F 
defcribe  the  Hyperbola  FTf^E,  whofe  conjugate  femi- 
diameters  are  DB  and  I>Fj  and  which  cuts  DA'vaEy' 
and  DP,  P^inTand  ^;  and  the  time  of  the  whole 
afcent  will  be  as  the  hyperbolic  feftor  TDE. 

For  the  decrement  Pjgof  thevebcity  proAicedin 
ft  given  particle  of  time,  is  as  the  fum  ci  thercfifh«ce 
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Af^'-yzBAP  and  of  the  gravity  JB^  —  BD^ 
that  is>  as  BP^—BD\  But  the  area  DTf^  is  to 
the  area  DPO^  as  DT^  to  DP^  ;  and  therefore,  if 
GT  be drawnperpendicular  to  DFj  zs  GT^  or  G Z)» 
—  DP»  to  «£)*,  and  zs  G  D^  toSP%  and,  by  di- 
vifion,  as  />-F^  to  B P*  —  B  /)*.  Therefore  lince  the 
area  J)PO^  is  as  P  O,  that  is,  as  BP*  — B  D^  -,  the 
area  DTF'  will  be  asthe  given  quantity  DF*.  There- 
fore the  area  E DT decreafes  uniformly  in  each  of  the 
equal  particles  of  time,  by  the  fubduftion  of  fo  many 
given  particles  DT^l  and  therefore  is  proportional  to 
the  time.    Q^E.D. 

Case  3.  Let  ^P  be  the  velocity  in  the  defcent  of 
the  body,  and  u4P^-]-zBJP  the  force  of  refif- 
tance,  and  B D^-^JB^  the  force  of  gravity,  the 
^ngk  D£ji  being  a  right  one.  And  if  with  the  cen- 
tre Z),  and  the  principal  vertex  B>  there  be  defcribed 
a  reftangular  Hyperbola  BETf^  {Fig.  5.)  cutting 
M  DP,  and  D  O^  produced  in  £,  r,  and  T;  the 
feftor  DET  o(  this  Hyperbola  will  be  as  the  whole 
time  of  defcent. 

For  the  increment  P  Q^oi  the  velocity,  and  the 
area  DP Q^  proportional  to  it,  is  as  the  excefs  of  the 
gravity  above  the  refiftance,  that  is,  as  BD^ — J B* 
-iBAP-^AP^  or  BD^  —  BP^.  And  the  area 
J^TP"  is  to  the  area  D  P Q^  z^  DT^  to  D  P^  ;  and  ^ 
therefore  as  GT^  or  GD^^BD^  to  BP^y  and  as 
GZ)*  to  J5Z)S  and,  by  divifion,  as  BD^  to  BD^ 
SP^.  Therefore  fince  the  area  Z)  PO  is  as  BD* 
"^BP^y  the  area  DTf^mW  be  as  the  ^en  quantity 
^Z)*.  Therefore  the  area  £Z)7"increafes  uniformly 
in  the  feveral  equal  particles  of  time  by  the  addition  of 
as  many  given  particles  DTK  and  therefore  is  pro- 
ponional  to  the  time  of  the  defcent.    Q.  E.  D. 

CoR.  If  with  the  centre  D  and  the  femidiameter 
H^  there  be  drawn  thro*  the  vertex  A  an  arc  ^t  fimi- 
Jar  to  the  arc  £Ti  and  fimilarly  fubtending  the  angle 

Vol.  11.  ■         E  ^DT: 
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jiDT:  the  velocity  JlP  will  be  to  the  velocity, 
which  the  body  in  the  time  £Z>7^  in  a  non-refifting 
fpace,  can  lofe  in  its  afcent,  Or  acquire  in  its  defcent, 
as  the  area  of  the  triangle  DAP  to  the  area  of  the  fedor 
DAt  ;  and  therefore  is  given  from  the  time  given. 
For  the  velocity  in  a  non-refifting  medium,  is  propor- 
tional to  the  time,  and  therefore  to  this  fedor  ;  m  a 
refifting medium  it  is  as  the  triangle;  and  in  both  me- 
diums, where  it  is  leaft,  it  approaches  to  the  ratio  of 
equality,  as  the  fedor  and  triangle  do. 

Scholium. 

One  may  demonftrate  alfo  that  cafe  in  the  afcent  of 
the  body,  where  the  force  of  gravity  is  lefsthan  can  be 
cxprefs'd  by  DA^  or  AB^  -|-  5D*,  and  greater  than 
can  be  exprefs'd  by  AB^  — DS*,  and  muft  be  ex- 
prefs'd  by  ^  S*.     But  I  haften  to  other  things. 

Proposition  XIV.     Theorem  XI. 

Thejame  things  being  fuppofed^  I  fayy  that  the 
fpace  defer ibed  in  the  afcent  or  defcent ^  is  as 
the  difference  of  the  area  by  which  the  time 
is  exprefsdj  and  offome  other  area  which  is 
augmented  or  diminifhed  in  an  arithmetical 
progreffion ;  if  the  forces  corf^ounded  of  the 
refijlance  and  the  gravity  be  taken  in  a  geo- 
metrical progreffion.     PI.  3 .  Fig.  5,  <5, 7. 

Take  AC  (in  the  three  laft  figures)  proportional  to 
the  gravity,  and  ^icT  to  the  refiftarice.  But  take  them 
on  the  fame  fide  of  the  point  Ay  if  the  body  is  de- 
fcending,  otherwife  on  the  contrary.  Ere6t  Ah^ 
which  make  to  P^asPB*  to  ^BAC:  and  to  the 
reftangular  afymptotes  CK^  CHy  defcribe  the  Hyper- 
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bola^iV,  and  erefting  iTA^  perpendicular  to  C/C  the 
^^AbNK  will  be  augmented  or  dimini(hcd  in  an 
arithmetical  progreffion,  while  the  forces  CK  are  taken 
in  a  geemetncal  progreffion.  I  fay  therefore  that  the 
diftance  of  the  body  from  its  greateft  altitude  is  as  the 
cxcefsof  the  area  Jib  NK  ^hovt  the  area  DET. 

For  fince  AK'is  as  the  refiftance,  that  is,  as  AP* 
-yiSAP;  afTume  any  given  quantity   Z,    and  put 

AK  equal  to  ^i ;  then  (by  Lena.  2.  of 

this  Book)  the  moment  KL  of  AK  will  be  equal  to 

zAPO  ^-^BAxPO       iBPO  ,      , 

^ — :^  or  — --^==- ,     and    the    mo  - 

ment  KLON  of  the  area  AbNKy  will  be  equal  to 

iBPOxLO  BPOxBD^ 

^^  or  -^-  . 

Z  iZ xCKx A B 

Case  i.  Now  if  the  body  afcends,  and  the  gravity 
be  as  AB^  -|-  BD^  BETj  (in  Fi^.  5.)  being  a  circle, 
the  line  ACj  which  is  proportional  to  the  gravity, 

will  be  ^ ,   and  DP*  or  AP^^l-zBAP 

-{-AB^^-yBD^mllhcAKxZ-l-ACxZorCKxZ; 
and  therefore  the  area  Pr^will  be  to  the  area  DPQ^ 
isDT^  or  DB»  toC^xZ. 

Case  2.  If  the  body  afcends,  and  the  gravity  be 
as  AB^—BD^,    the  line  AC  (in  //>.  6.)    will  be 
AB^  —  BD^ 
2 and  Dr*  will  be  to  D  P^  as  DF^  or 

BB^  to  BP^^BD^  or  AP^  J{-lBAP•^[^AB*-- 
BD\  that  is,  to  AKxZ-\-ACxZ  or  CKxZ. 
And  therefore  the  area  DT*/^  will  be  to  the  area  DPO 
^DB^  toCKxZ. 

Case  3.  And  by  the  fame  reafonlng,  if  the  body  de* 
fcends,  and  therefore  the  gravity  is  as  BD^  — AB^y 
and   the  \ivi^  AC    (ini7>.  7.)   becomes  equal   to 

E  %  BD- 
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^ J     the  area  DT"^  will  be  to  the  area 

DP0^3iS  D  B*  to  CKx  Z  :  as  above. 

Since  therefore  thefe  areas  are  always  in  this  ratio  ; 
'  if  for  the  area  D  Tf^j  by  which  the  moment  of  the 
time,  always  equal  to  itlclf,  is  expreffed,  there  be  put 
any  determinate  redangle,  as  BZ)xw,  the  area  DP  O^ 
that  is,  \BD  xP^,  will  be  to  5/)xi»as  CKxTL  to 
J?/)».  And  thence  PQxBD^  becomes  equal  to 
xBD^mxCKxZy  and  the  moment  KLON  ol  the 

area  AbNK^  found  before,    becomes . 

From  the  area  Z)£7*fubduft  its  moment  DT  P^  or 

^^  J   1  11  u4PxpDxm    ^- 

BD  X  my  and  there  will  remam — .   There- 

uiB 

fore  the  difference  of  the  moments,  that  is,  the  moment 

r   .     jiT             r  1             •          1      APxBDxm 
of  the  difference  of  the  areas  is  equal  to — 1 

and  therefore  (becaufe  of  the  given  quantity  — --- —  J 

as  the  velocity  AP  j  that  is,  as  the  moment  of  the 
fpace  which  the  body  defcribes  in  its  afcent  or  defcent. 
And  therefore  the  difference  of  the  areas,  and  that  fpace^ 
incrcadng  or  decreafing  by  proportional  moments^  and 
beginning  together  or  vanifhing  together,  are  propor- 
tional.    O.  E.  D,  . 

Cor.  l(  the  length,  which  arifes  by  applying  the 
area  DETxo  the  line  B  Z),  be  called  M ;  and  another 
length  ^  be  taken  in  that  ratio  to  the  length  M^  which 
the  line  DAh^s  to  the  line  DE  :  the  fpace  which  a 
body,  in  a  refitting  medium,  defcribes  in  its  whole 
afcent  or  defcent,  will  be  to  the  fpace,  which  a  body, 
in  a  non- refitting  medium,  falling  from  reft  can  de* 
fcribe  in  the  fame  time,  as  the  difference  of  the  afore- 

BDxV^ 
faid  areas  to  — — ^ —  ;  and  therefore  is  given  from 

the 
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the  time  given.  For  the  fpace  in  a  non-refifting  me- 
dium is  in  a  duplicate  ratio  of  the  time,  or  as  ^*  ;  and, 

becaufc  BD  and  AB  are  given,  as  ■     ^  p    '    This 

area  IS  equal  to  the  area  — ~-    — -     — ,  and  the  mo- 

nient  of  Mis  my  and  therefore  the  moment  of  this  area 

.DA^xBDxzMxm      ^       ,.  .  , 

IS ;; — -.     But  this  moment  is  to  the 

moment  of  the  difference  of  the  afor^faid  areas  DET 

mAbNK^  viz^  to — ,  as -^j^ 

totBDx^P,  or  as  -— r-  intoP£rto  DAP;  and 

therefore,  when  the  areas  DET" and  D-^?  are  leaft,  in 

the  ratio  of  equality.     Therefore  the  area  -— — 

AB 

and  the  difference  of  the  areas  Z>£T*  and  AbNK^ 
when  all  thefe  areas  are  leaft,  have  equal  moments ;  and 
arc  therefore  equal.  Therefore  fince  the  velocities,  and 
therefore  alfo  the  fpaces  in  both  mediums  defcribed  to- 
gether, in  the  beginning  of  the  defcent,  or  the  end  of 
^  afcent,  approach  to  equality,  and  therefore  are  then 

BDxV^ 

one  to  another  as  the  area  — — — ,  and  the  difference 

AB 

of  the  areas  BET  ^nd  AbNK;  and  moreover  fince 

the  fpace,  in  a  non-refifting  medium,  is  perpetually  as 

«Dxr» 
"^3^ — ,  and  the  fpace,  in  a  refifting  medium,  is  per-* 

petually  as  the  difference  of  the  areas  DE  T  and  Ah  NK: 
Jt  Deceflarily  follows,  that  the  fpacQS,  in  both  mediums, 
defcribed  in  any  equal  times,  are  one  to  another  as  that 

^^^  -        — ,  and  the  difference  of  the  areas  DET 

^AbNK.    Q.ED. 

'^  E  5  ScHO- 
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Scholium. 

The  refiftancc  of  fphaerical  bodies  in  fluids  arifes 
partly  from  the  tenacity,  partly  from  the  attrition,  and 
partly  from  the  denfity  of  the  medium.     And  that  part 
of  the  refiftance,  which  arifes  from  the  denfity  of  the 
fluid,  is,  as  I  faid,  in  a  duplicate  ratio  of  the  velocity  , 
the  other  part,  which  arifes  from  the  tenacity  of  the 
fluid,  is  uniform,  or  as  the  moment  of  the  time  :  and 
therefore  we  might  now  proceed  to  the  motion  of  bo- 
dies, which  are  refilled  partly  by  an  uniform  force,  or 
in  the  ratio  of  the  moments  of  the  time,  and  partly  in 
the  duplicate  ratio  of  the  velocity.     But  it  is  lufficient 
to  have  cleared  the  way  to  this  fpeculation  in  the  8^^ 
and  5)^^  Prop,  foregoing,  and  their  Corollaries.    For 
in  thofe  Propofitions,  inftead  of  the  uniform  refiftance 
made  to  an  afcending  body  arifing  from  its  gravity,  one 
may  fubftitute  the  uniform  refiftance  v/hich  arifes  from 
the  tenacity  of  the  medium,  when  the  body  moves  by 
its  w  infita  alone;  and  when  the  body  afcends  in  a 
right  line,  add  this  uniform  refiftance  to  the  force  of 
gravity,  and  fubduft  it  when  the  body  defcends  in  a 
right  line.     One  might  alfo  go  on  to  the  motion  of 
bodies  which  are  refilled  in  part  uniformly,  in  part  in 
the  ratio  of  the  velocity,  and  in  part  in  the  duplicate 
ratio  of  the  fame  velocity.     And  I  have  opened  a  way 
to  this  in  the  i;*^'  and  14'^  Prop,  foregoing,  in  which 
the  uniform  refiftance  arifing  from  the  tenacity  of  the 
medium,  may  be  fubftituted  for  the  force  ot  gravity, 
or  be  compounded  with  it  as  before.     But  I  haften  to 
other  things. 


SEC- 
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SECTION     IV. 

Of  the  circular  motion  of  bodies  in 
refijiing  mediums. 


Lemma  III. 
I'et  P  QR  be  a  fpiral  cutting  all  the  radii  S  P, 
S  Q,  S  R,  &c.  in  equal  angles.  T)raw  the 
right  line  P  T  touching  the  fpiral  in  any  paint 
P,  and  cutting  the  radius  SQ^in  T  5  draw 
PO,  Qj:>  perpendicular  to  the  Jpiral,  and 
meeting  in  O,  and  join  S  O.  Ifayy  that  if 
the  points  P  and  (^approach  and  coincide^  the 
angle  P  S  O  will  become  a  right  angle,  and 
the  ultimate  ratio  of  the  rectangle  T  (^x  2  P  S 
to  PQ^*  will  be  the  ratio  of  equality.  PI.  4. 
Fig.  I. 

For  from  the  right  angles  OTQ^  O  ORy  fubduft 
the  equal  angles  S?  O^  S  QR,  and  there  will  remain 
the  equal  angles  OPSyOQS.  Therefore  a  circle 
which  pafles  thro*  the  points  O,  S^  P,  will  pafs  alfo 
thro*  the  point  O.  Let  the  points  P  and  O^  coincide, 
and  this  circle  wiTl  touch  the  fpiral  in  the  place  of  coin- 
cidence P Q^  and  will  therefore  cut  the  right  line  OP 
perpendicularly.  Therefore  O  P  will  become  a  dia- 
Jpeter  of  this  circle,  and  the  angle  0*9  P,  being  in  a 
femicirde,  becomes  a  right  one.     O.  E.  D. 

E  4         "^    -^  Draw 
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Draw  op,  SE  perpendicular  to  OP^  and  the  ulti- 
mate ratio's  of  the  lines  will  be  as  follows ;  TO^  to 
PDzsTS  or  PS  to  PEy  or  z  PO  to  2  PS ;  and 
PD  to  P<?  as  PQ^to  2  PO  ;  and,  ex ieqtto pertrtrbatl^ 
TO^to  PJl^s  PO  to  2  P^.  Whence  PO^  becomes 
equal  to  TQ^x  zfs.     Q.E.D.  '^ 

Proposition  XV.     Theorem  XIL 

Jf  the  denfity  of  a  medium  in  each  place  there- 
of he  reciprocally  as  the  dijlance  of  the  places 
from  an  immoveable  centrey  and  the  centripe^ 
tal  force  be  in  the  duplicate  ratio  of  the  den- 
fity :  I  fayy  that  a  bcdy  may  revoke  in  a 
fpral  which  cuts  all  the  radii  drawn  from 
that  centre  in  a  given  angle.    PI.  4.  fig-  2- 

Suppofe  every  thing  to  be  as  in  the  foregoing  Lem- 
ma, and  produce  S  O^  to  F^  fo  that  *y^may  be  equal 
toSP.  In  any  time  let  a  body,  in  a  refifting  medium, 
defcribe  the  leaft  arc  P  j^!  ^"^  '^  double  the  time,  the 
leaft  arc  PR  ;  and  the  decrements  of  thofe  arcs  arifing 
from  the  refiftance,  or  their  differences  from  the  arcs 
which  w6uld  be  defcribed  in  a  non-refifting  medium  in 
the  fame  times,  will  be  to  each  other,  as  the  fquarcs  of 
the  times  in  which  they  are  generated  :  Therefore  the 
decrement  of  the  arc  P  O^is  the  fourth  part  of  the  de- 
crement of  the  arc  PR.  ^Whence  alfo  if  the  area  O^Sp 
be  taken  equal  to  the  area  P  5  0,  the  decrement  of  the 
arc  PO^will  be  equal  to  halt  the  lineola  Rr ;  and 
therefore  the  force  of  refiftance  and  the  centripetal  force 
are  to  each  other  as  the  lineola's  IRr  and  T^  which 
they  generate  in  the  fame  time.  Becaufe  the  centripe- 
tal force  with  which  the  body  is  urged  in  P,  is  reci- 
procally  as  SP\  and  (by  Lem.  10.  Book  i.)  the  li- 
neola T^  which  is  generated  by  tliat  force>  is  in  a  ra- 
2.  tio 
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tio  compounded  of  the  ratio  of  this  force  and  the  du- 
plicate ratio  of  the  time  in  which  the  arc  P  O  is  de- 
fcribed,  (for  in  this  cafe  I  negkft  the  refiftanccT  as  be* 
ing  infinitely  lefs  than  the  centripetal  force,)  it  follows, 
that  TQx  SP^y  that  is,  (by  the  laft  JLcmma)  \PQ^ 
ySPj  will  be  in  a  duplicate  ratio  of  the  time,  and 
therefore  the  time  is^s  POx  ^SP;  and  the  velocity 
of  the  body,  with  whiclTtbe  arc  ?  O^is  defcribed  in 

'^""'"'' "  p/x%p'''  ;^*  '^'' "' »'» '^'  ^"^ 

duplicate  ratio  of  SP  reciprocally.  And  by  a  like  rea* 
foning,  the  velocity  with  which  the  arc  jQJi  is  defcri- 
bed, is  in  the  fubduplicate  ratio  of  SO^  reciprocally. 
Now  thofe  arcs  P^and  OjR  are  as  the^efcrming  ve- 
locities to  each  other ;  that  is,  id  the  fubduplicate  ratio 
of  ^ O^ to  5 P,  or  as  SiO  to ^/JPxYd  ;  and,  becaufc 
of  the  equal  angles  slTQy  SOr,  and  the  equal  areas 
PSCh  Q^Sr,  the  arc  P  O^  is  to  the  arc  Qr  as  SO^  to 
SP.  Take  the  differences  of  the  proportional  confe- 
quents,  and  the  arc  P  O^will  be  to  the  arc  Rr  zs  SO 
to  SP  —  ^/SPxSQj  or  i  rO.  For  the  points P  and 
^coinciding,  the  ultimate  ratio  of  JP — \/SP  x  SQ^ 
to  7  f^jQ^  is  the  ratio  of  equality.  Becaufe  the  decre- 
ment o£  the  arc  P  O^  arifing  from  the  refiftance,  or  its 
double  Xry  is  as  the  refiftance  and  the  fquare  of  th^ 

Py 
time  conjunftly ;  the  refiftance  will  be  as  — — — —J 

But  Pjg^was  to  Rr,  ^  SO  to  f^^,   and  thence 

PO^TIp  becomes  as  ■p^;^;^^^^  or  as^^^^^—-. 

For  the  points  P  and  ^coinciding,  SP  and  ^ ^coin- 
cide alfo,  and  the  angle  P  V^  becomes  a  right  one; 
and,  becaufe  of  the  fimilar  triangles  Py^  PSO, 
P^  becomes  to  f  ^^as  OP  to  ^OS.    Therefore 

os 

Q^ — -~  is  as  the  refiftance,  that  is,  in  the  ratio  o'f 

the 
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the  dcnfity  of  the  medium  ia  P  and  the  duplicate  ra- 
tio of  the  velocity  conjunftly.    Subdud  the  duplicate 

ratioof  the  velocity,  namely  the  ratio -^Tdj  ^^^  there 

S  IT 

OS 

will  remain  the  denfity  of  the  medium. in  P  as     _        >>^ 

Let  thefpiral  be  given,  and,  becaufeof  the  given  ratio 
of  OiJ  to  OP,  the  denfity  of  the  medium  in  ?  will 

be  as  —^.    Therefore  in  a  medium  whofc  denfity  is 

«3  Mr 

reciprocally  %%SP  the  diftancefrofn  the  centre,  a  body 
will  revolve  in  this  fpiral.     ^.  £.  JD. 

CoR,  I.  The  velocity  in  any  place  P,  is  always 
the  fame  wherewith  a  body  in  a  non-refifting  medium 
with  the  fame  centripetal  force  would  revolve  in  a  cir- 
cle, at  the  fame diftance  SP  from  the  centre. 

Cor.  1.  The  denfity  of  the  medium,  if  the  diftance 

OS 

SP  he  given,  is  as  ^p— ,  but  if  that  diftance  is  not 

OS 

given,  as  rr— — jr^.     And  thence  a  fpiral  may  be  fit- 

ted  to  any  denfity  of  the  medium. 

Cor.  5.  The  force  of  the  refiftance  in  any  place  P, 
is  to  the  centripetal  force  in  the  fame  place  as  f  0  ij  to 
OP.    For  thofe  forces  are  to  each  other  as  i^r  and 

ro  or  as  ±f^^l3^nd  ^Z§^y  that  is,  as  fT^. 

and  PQ,  or  \0  S  and  0 P.  The  fpiral  therefore  be- 
ing given,  there  is  given  the  proportion  of  the  refiftance 
to  the  centripetal  force ;  and  vice  verfa,  from  that  pro- 
portion given  the  fpiral  is  given. 

CoR.  4.  Therefore  the  body  can't  revolve  in  this 
spiral,  except  where  the  force  of  refiftance  is  lefs  than 
half  the  centripetal  force.  Let  the  refiftance  be  made 
equal  to  half  the  centripetal  force,  and  the  fpiral  will 
coincide  with  the  right  line  P  S»  and  in  that  right  line 

the 
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the  body  will  defcend  to  the  centre  with  a  velocity, 
that  is  to  the  velocity,  with  which  it  was  proved  be- 
fore in  the  cafe  of  the  Parabola,  (Theor.  10.  Book  i.^ 
the  defcenr  would  be  made  in  a  non-refifting  medium, 
in  the  fubduplicate  ratio  of  unity  to  the  number  two. 
And  the  times  of  the  defcent  will  be  here  reciprocally 
as  the  velocities,  and  therefore  given. 

CoR.  f .  And  becaufe  at  equal  diftances  from  the 
centre,  the  velocity  is  the  fame  in  the  fpiral  POR  ^s  it 
is  in  the  right  line  S  P»  and  the  length  of  the  fpiral  is 
to  the  length  of  the  right  line  P  S^  in  a  given  ratio, 
namely  in  the  ratio  of  O  P  10  OS ;  the  time  of  the  de- 
fcent in  the  fpiral  will  be  to  the  time  of  the  defcent 
in  the  right  line  iS"  P  in  the  fame  given  ratio,  and  there- 
fore given. 

Cor.  5.  If  from  the  centre  5"  with  any  two  given  inter- 
vals, two  circles  are  defcribed  ;  and  thefe  circles  remaining, 
the  angle  which  the  fpiral  makes  with  the  radius  PS  be 
any  how  changed ;  the  number  of  revolutions  which  the 
body  can  compleat  in  the  fpace  between  the  circumfe- 
rences of  thofe  circles,  going  round  in  the  fpiral  from 

PS 
one  circumference  to  another,  will  be  as  7c— ,>   or   as 

the  tangent  of  the  angle  which  the  fpiral  makes  with 
the  radius  PS  i  and  the  time  of  the  fame  revolutions 

OP 

will  be  as  -r^  ,  that  is,  as  the  fecant  of  the  fame  angle, 

(Jo 
or  reciprocally  as  the  denfity  of  the  medium. 

C0R.7.  If  a  body,  in  a  medium  whofe  denfity  is 
reciprocally  as  the  diftances  of  places. from  the  centre, 
revolves  in  any  curve -^£5  (Fig.^.)  about  that  cen- 
tre, and  cuts  the  firft  radius  yiS  in  the  fame  angle  in 
5  as  it  did  before  in  j^,  and  that  with  a  velocity,  that 
Aall  be  to  its  tirft  velocity  in  .^  reciprocally  in  a  fub- 
dpplictte  ratio  of  the  diftances  from  the  centre  (that  is, 
a$^»y  to  a  mean  proportional  between  jiS  and  £S) 

that 
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that  body  will  continue  to  defcribe  innumerable  fimilar 
revolutions  BfC  CGDy  &c.  and  by  its  interfedions 
will  diftinguilh  the  radius  ^*y  into  parts  ^,y,  BS^ 
CSj  DSy  Sec.  that  are  continually  proportional.  But 
the  times  of  the  revolutions  will  be  as  the  perimeters  of 
the  orbits  JE  By  BFCy  CGDy  &c-  direftly,  and  the 
velocities  at  the  beginnings  ^,  By  C  of  thofe  orbits,  in- 

verfelyj  that  is,  ^sAsK  BS^yCS"".  And  the  whole 
time  in  which  the  body  will-arrive  at  the  centre,  will 
be  to  the  time  of  the  firft  revolution,  as  the  fum  of 

all  the  continued  proportionals^ 5' S  J5«Ss  C5*%  go- 
ing on  ^  infinitumy  to  the  firft  term  JS^  i  that  is,  as  the 
firft  term -^5*   to   the   difference  of  the  two  firft: 

^A*  —  BiS*,  or  as  ^JS  to  AB  very  nearly* 
Whence  the  whole  time  may  be  eafily  found. 

Cor.  8.  From  hence  alfo  may  be  deduced,  near 
enough,  the  motions  of  bodies  in  mediums  whofe  den- 
lity  is  cither  uniform  or  obferves  any  other  affigned 
law.  From  the  centre  *?,  with  intervals  SAy  SB^  SCy 
&c.  continually  proportional,  defcribe  as  many  circles; 
and  fuppofe  the  time  of  the  revolutions  between  the  pe- 
rimeters of  any  two  of  thofe  circles,  in  the  medium 
whereof  we  treated ,  to  be  to  the  time  of  the  revo- 
lutions between  the  fame  in  the  medium  propofed,  as 
the  mean  denfity  of  the  propofed  medium  between 
thofe  circles,  to  the  mean  denfity  of  the  medium  where- 
of we  treated,  between  the  fame  circles,  nearly :  And 
that  the  fecant  of  the  angle  in  which  the  fpiral  above  de- 
termined, in  the  medium  whereof  we  treated,  cuts  the 
radius  ASy  is  in  the  fame  ratio  to  the  fecant  of  the 
angle  in  which  the  new  fpiral,  in  the  propofed  medium, 
cuts  the  fame  radius :  And  alfo  that  the  number  of 
all  the  revolutions  between  the  fame  two  cirdes  is 
nearly  as  the  tangents  of  thofe  angles.  If  this  be  ctone 
every  where  between  every  two  circles,  the  motion 

wiU 
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will  be  continued  thro'  all  the  circles.  And  bv  this  means 
one  may  without  difficulty  Conceive  at  wnat  rate  and 
in  what  time  bodies  ongm  to  revolve  in  any  regular 
medium. 

CoE.  9.  And  akbo  thefe  motions  becoming  excen- 
trical  (hould  be  performed  in  fpirals  approaching  to  an 
oval  figure ;  yet  conceiving  the  feveral  revolutions  of 
thofe  fpirals  to  be  at  the  fame  diftances  from  each  other» 
ami  to  approach  to  the  centre  by  the  iame  d^rees  as  the 
fpiral  above  defcribed,  we  may  alfo  underftand  how  the 
motions  of  bodies  may  be  performed  10  fpirals  of  that 
kind. 

Proposition  XVI.     Theorem  XIIL 

If  the  den  fit  J  of  the  medium  in  each  of  the  f la- 
ces be  reciprocally  as  the  dijianceof  the  places 
from  the  immoveable  centre ^  and  the  centri- 
petal farce  be  reciprocally  as  any  power  of 
the  fame  dijlance^  If^y^  ^^^'  ^^^  ^^J  ^^^^ 
revolve  in  a  fpiral  interfeSiing  all  the  radii 
drawn  from  that  centre  in  a  given  angle^ 
PI.  4-  Fig.  2. 

This  is  demonfirated  in  the  fame  manfier  as  the  fore- 
going propofition.  For  if  the  centripetal  force  in  f 
be  reciprocally  as  any  power  J?*+'  of  the  diftance  S¥ 
whofc  index  is  )*-j- 1 :  it  will  be  collefted  as  above, 
that  the  time  in  which  the  body  defcribes  any  arc  ?  Q* 

will  be   as  PjgxP^*",-  and  the  refiftancc  in  P  as 
-J^,  or  as  JEEhl^.   and  therefore 

as  ~ — ? -_,  thatK,  (becaufc ^ is  a 

OPxSP^^'  "  OP 

givea 
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given  quantity)  reciprocally  as  SP"'^^.  And  there- 
fore, fince  the  velocity  is  reciprocally  as  SP^",  the 
denlity  in  P  will  be  reciprocally  as  SP. 

Cqr*  I.  The  refiftance  is  to  the  centripetal  force  as 
1  — i«x0^toO?. 

Cor.  2.  If  the  centripetal  force  be  reciprocally  as 
SP^y  I  —  7  »  will  be  =  o ;  and  therefore  the  refiftance 
and  denfity  of  the  medium  will  be  nothing,  as  in  Prop.  p. 
Book  I. 

CoR.  3.  If  the  centripetal  force  be  reciprocally  as 
any  power  of  the  radius  SPj  whofe  index  is  greater 
than  the  number  5,  the  affirmative  refiftance  will  be 
changed  into  a  negative. 

Scholium. 

This  Propofition  and  the.  former  which  relate  to  me- 
diums of  unequal  denfity,  are  to  be  underftood  of  the 
motion  of  bodies  that  are  fo  fmall,  that  the  greater 
denfity  of  the  medium  on  one  fide  of  the  body,  above 
that  on  the  other,  is  not  to  be  confider'd.  I  fuppofe 
alfo  the  refiftance,  ceteris  parilfus,  to  be  proportional  to 
its  denfity.  Whence  in  mediums  whofe  force  of  re- 
fiftance is  not  as  the  denfity,  the  denfity  muft  be  fo 
much  augmented  or  diminifhed,  that  either  the  excefs 
of  the  refiftance  may  be  taken  away,  or  the  defeftfiip- 
plied. 

Proposition  XVII.     Problem  IV. 
To  find  the  centripetal  force  and  the  refifting 
force  of  the  meditimy  by  which  a  body,  the 
law  of  the  velocity  being  giveUy  Jhall  revolve 
in  a  given  fpiraL     PI.  4.  Fig.  4, 

Let  that  fpiral  be  P  QJR..  From  tiie  velocity,  with 
which  the  body  goes  over  the  very  fmall  arc  P  Qy  the 

time 
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time  will  be  given  ;  and  from  the  altitude  TO,  which 
is  as  the  ceoti;ipetal  force^  and  the  fquare  oCxkt  time^ 
that  force  will  be  given.  Then  from  the  difference 
RSr^  of  the  areas  P-S jg^and  QSR  defcribed  in  equal 
particles  of  time)  the  retardation  of  the  body  will  be 

iven  I  and  from  the  retardation  will  be  found  the  re^ 

iftiDg  force  and  denfity  of  the  medium. 


i 


Proposition  XVIII.     Problem  V. 

The  law  of  centripetal  force  being  given,  to 
find  the  denfity  of  the  medium  in  each  of  the 
flaces  thereof  by  which  a  body  may  defer ibe  a 
given  ffiral. 

From  the  centripetal  force  the  velocity  in  each  place 
muft  be  found  \  then  from  the  retardation  of  the  velo- 
city, the  denfity  of  the  medium  is  founds  as  in  the 
foregoing  Propofition. 

But  I  have  explained  the  method  of  managing  thefe 
Problems  in  the  tenth  Propofition  and  fecond  Lemma 
of  this  Book ;  and  will  no  longer  detain  the  reader  in 
thefe  perplex'd  difquiiitions.  I  ihall  now  add  fome 
things  relating  to  the  forces  of  progreffive  bodies,  and 
to  the  denfity  and  refiflanceof  thofe  mediums  in  which 
the  motions  hitherto  treated  of^  and  thofe  akin  to  them^ 
are  performed* 


SEC- 
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SECTION      V- 

Of  the  denfity    and  comprejjton    of 
fluids  J  and  of  Hydrojlatics. 

The  Definition  of  a  Flui<l, 

jl  fluid  is  any  body  who fe  parts  yield  to  any 
force  imprejfed  on  it^  andy  by  yieldingy  are 
eafily  moved  among  themfelves. 


Proposition  XIX.  Theorem  XIV* 
All  the  parts  of  a  homogeneous  and  unmoved 
fluid  included  in  any  unmoved  vejfely  and 
comprejfed  on  every  fide ,  {fetting  afide  the 
conpderation  of  condenfation^  gravity y  and 
all  centripetal  forces)  will  be  equally  prejjed 
on  every  fide  y  and  remain  in  their  places  with- 
out any  motion  arifing  from  that  preflure. 
P1^4.  Fig,  5. 

Case  i.  Let  a  fluid  be  included  in  the  fphsrical 
veffel  ^BCand  uniformly  comprefled  on  every  fide  : 
I  fay,  that  no  part  of  it  will  be  moved  by  that  pref- 
fure.  For  if  any  part,  as  D,  be  moved,  all  fuch  parts 
at  the  fame  diftance  from  the  centre  on  every  fide,  muft 
ncccflarily  be  moved  at  the  fame  time  by  a  like  motion; 
bccaufethe  preflure  of  them  all  is  fimilar  and  equal ;  and 
all  other  motion  is  excluded  that  docs  not  arifc  from 

that 
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that  prcffure.  But  if  thefe  parts  come  all  of  them 
nearer  to  the  centre,  the  fluid  inuft  be  condenfed  to- 
wards the  centre,  contrary  to  the  fiippofition.  If  they 
recede  from  it,  the  fluid  muft  be  condenfed  towards 
the  circuinferctice ;  which  is  alfo  contrary  to  the  lup» 
pofition.  Neither  can  they  move  in  any  one  dircaion 
retaining  their  diftance  from  the  centre,  bccaiife  for  the 
fame  reafon  they  may  move  in  a  contrary  direction; 
but  the  lame  pre  cannot  be  moved  contrary  ways  at  the 
fame  time.  Therefore  no  part  of  the  fluid  will  be 
isoved  from  its  place.     O^  Ei  D. 

Case  2.  I  fay  now,  thflt  all  the  fphaerical  parts  of 
this  fluid  are  equally  preffed  on  every  fide:  For  let 
£F  be  a  fpha^rical  part  of  the  .fluid;  if  this  be  not 
preffed  equally  on  every  fide,  augment  the  lefler  pref^ 
iiire  till  it  be  preflcd  equally  on  every  fide  i  and  its 
parts  (by  Cafe  i.)  will  remain  in  their  places.  But 
before  the  increafe  of  the  prcflure,  they  wotrld  rcmaiii 
in  their  places^  (l>y  Cafe  i.^  and  by  the  addition  of  a 
new  prefliire,  they  will  be  moved,  by  the  definition  of 
a  fluid,  from  thofe  places.^  Now  thefe  two  condufions 
(xmtradiS:  each  other.  Therefore  it  was  falfe  to  la\ 
that  the  fphere  EF  was  not  prefled  equally  on  every  fie 
aE.D. 

Case  5.  I  fay  bcfides^  that  different  fph^rical  parts 
have  equd  prefTures,  For  the  contiguous  fphaerical  parts 
prefs  each  other  mutually  and  equally  in  the  point  of 
contact,  (by  Law  J,)  But  (by  Cafe  2.)  they  are 
prefled  on  every  fide  with  the  fame  force*  Therefore 
any  two  fph^rical  parts  not  contiguous,  fince  an  inter- 
mraiate  fpnserical  part  tcan  touch  both,  will  be  preffed 
with  the  fame  force.    Q^  E.  D. 

Case  4.  I  fay  now,  that  all  the  parts  of  the  fluid 
are  every  where  preffed  equally,     tor  any  two  parts 
insy  be  touched  by  fphaerical  parts  in  any  points  what- 
ever; and  ^ there  they  will  equally  prefi  thofe  fphaerical 
Vol.  II*;       "  F  parts^ 
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parts,  (l>y  Cafe  5.)  and  are,  reciprocally, equally  preflcd 
by  them,  (by  Law  5.)     jQ^E.D. 

Case  5.  Since  therefore  any  part  GHI  of  the  fluid 
isinclofed  by  the  reft  of  the  fluid  as  in  aveffel,  and  is 
equally  preiTed  on  every  fide  ;  and  alfo  its  parts  equally 
prefs  one  anorher,  and  are  at  reft  among  themfelves ;  it 
IS  manifeft  that  all  the  parts  of  any  fluid  as  GH/y 
which  is  preffcd  equally  on  every  fide,  do  prefs  each 
other  mutually  and  equally*  and  are  at  reft  among  them- 
felves.    O.E.D. 

Case  6.  Therefore  if  that  fluid  be  included  in  a 
veffei  of  a  yielding  fubftance,  or  that  is  not  rigid,  and 
be  not  equally  preiTed  on  every  fide ;  the  fame  will 
give  way  to  a  ftronger  preflure,  by  the  definition  of 
fluidity. 

Case  7*  And  tlierefore  in  an  inflexible  or  rigid  vef- 
fei, a  fluid  will  not  fuftain  a  ftronger  preffure  on  one 
fide  than  on  the  other,  but  will  give  way  to  it,  and 
that  in  a  moment  of  time ;  becaufe  the  rigid  fide  of 
the  veffei  does  not  follow  the  yielding  liquor.  But  the 
fluid,  by  thus  yielding,  will  prefs  againft  the  oppofite 
fide,  and  fo  the  preffure  will  tend  on  every  fide  to  equa- 
lity. And  becaufe  the  fluid,  as  foon  as  it  endeavours  to 
recede  from  the  part  that  is  moft  preffcd,  is  withftood 
by  the  refiftance  of  the  veffei  on  the  oppofite  fide;  the 
preflure  will  on  every  fide  be  reduced  to  equality,  in  a 
moment  of  time,  without  any  local  motion :  and  from 
thence  the  parts  of  the  fluid,  (by  Cafe  5.^  will  prefs 
each  other  mutually  and  equally,  and  be  at  rieft  among 
themfelves.    Q.E.D. 

CoR.  Whence  neither  will  a  motion  of  the  parts 
of  the  fluid  among  themfelves,  be  changed  by  a  pref- 
fure communicated  to  the  external  fuperhcies,  except  fo 
far  as  either  the  figure  of  the  fuperficies  may  be  fome- 
where  alter'd,  or  that  all  the  parts  of  the  fluid,  by  preffing 
one  another  more  intenfely  or  remifsly,  may  Aide  with 
TOore  or  lefs  difficulty  among  themfelves. 

Pro* 
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Proposition  XX.  Theorem  XV. 
If  all  the  farts  of  a  fpharical  fluidy  homoge* 
neons  at  equal  dijiancesfrom  the  centre^  lying 
on  a  fpharical  concentric  bottom^  gravitate  to* 
wards  the  centre  of  the  whole  5  the  bottom 
will  fufiain  the  weight  of  a  cylinder ^  whofe 
bafe  is  equal  to  the  fuperficies  of  the  bottom^ 
and  whofe  altitude  is  the  fame  with  that  of 
the  incumbent  fluid.    PI.  4.  Fig-  ^. 

Let  DHM  be  the  fuperficies  of  the  bottom,  and 
JEI  the  upper  fuperficies  of  the  fluid.  Let  the  fluid 
be  diftinguiihed  into  concentric  orbs  of  equal  tbickne^y 
by  the  innumerable  fphasrical  fuperficies  BFK^  CGL; 
and  conceive  the  force  of  gravity  to  aft  only  in  the  up- 
per fuperficies  of  every  orb,  and  the  aftions  to  be  equal 
on  the  equal  parts  ot  all  the  fuperficies.  Therefore 
the  upper  fuperficies  j^E  is  preffed  by  the  fingle  force 
of  its  own  gravity*  by  which  all  the  parts  of  the  upper 
orb,  and  the  fecond  fuperficies  5 /^jRT  will,  CbyProp.ip.) 
according  to  its  meafure,  be  equally  preffed.  The  fe- 
cond  fuperficies  B  FK  is  preffed  likewife  by  the  force 
of  its  own  gravity,  which  added  to  the  former  force, 
makes  the  preffure  double.  The  third  fuperficies  CGL 
is,  according  to  its  meafure,  afted  on  by  this  preffure 
and  the  force  of  its  own  gravity  befides,  which  makes 
its  preffure  triple.  And  in  like  manner  the  fourth  fu- 
perficies receives  a  quadruple  preffure,  the  fifth  fuper- 
ficies a  quintuple,  and  fo  on.  Therefore  the  preffure 
afting  on  every  fuperficies,  is  not  as  the  folid  quanti- 
ty of  the  incumbent  fluid,  but  as  the  number  of  the 
orbs  reaching  to  the  upper  furface  of  the  fluid ;  and  is 
equal  to  the  gravity  of  the  loweft  orb  multiplied  by  the 
number  of  orbs :  that  is,  to  the  gravity  ©f  a  folid 
F  z  whofe 
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whofe  ultimate  ratio  to  the  cylinder  abovemcntioned 
(when  the  number  of  the  orbs  is  increafed  and  their 
thicknefs  diminifhed  ad  infimtumy  fo  that  the  aftion  of 
gravity  from  the  loweft  fuperficies  to  the  appermoft 
may  become  continued)  is  the  ratio  of  equality.  There- 
fore the  loweft  fuperficies  fuftains  the  weight  of  the  cy- 
linder above-determined.  Q.E.D.  And  by  a  Kkc 
reafoning  the  Propofition  will  be  evident,  where  the 
gravity  of  the  fluid  decreafes  in  any  affigned  ratio  of 
the  diftance  from  the  centre,  and  alfo  where  the  fluid  is 
more  rare  above  and  denfer  below.     O^E.  D. 

Cor.  I.  Therefore  the  bottom  is  not  preffed  by  the 
whole  weight  of  the  incumbent  fluid,  but  only  fufl:ains 
that  part  of  it  which  is  defcribed  in  the  Propofition  ; 
the  reft  of  the  weight  being  fuftained  archwifc  by  the 
fphaerical  figure  of  the  fluid. 

Cor.  2.  The  quantity  of  the  preffure  is  the  fame 
always  at  equal  diftances  from  the  centre,  whether  the 
fuperficies  prefled  be  parallel  to  the  horizon,  or  perpen- 
dicular, or  oblique  9  or  whether  the  fluids  continued 
upwards  from  the  compreffed  fuperficies,  rifes  perpen- 
dicularly in  a  redtilinear  direftion,  or  creeps  obliquely 
thro*  crooked  cavities  and  canals,  whether  thofepaffages 
be  regular  or  irregular,  wide  or  narrow.  That  the 
preffure  is  not  alter'd  by  any  of  thefe  circumftances, 
may  be  colleded  by  applying  the  demonftration  of  this 
Theorem  to  the  feveral  cafes  of  fluids. 

CoR.  5.  From  the  fame  demonftration  it  may  alfo  be 
colleded,  (by  Prop.  19.)  that  the  parts  of  an  heavy 
fluid  acquire  no  motion  among  themfelves,  by  the  pref- 
fure of  the  incumbent  weight ;  except  that  motion 
which  arifes  from  condenfation. 

C0R.4.  And  therefore  if  another  body  of  the  fame 
fpccific  gravity,  incapable  of  condenfation,  be  im- 
merfed  in  this  fluid,  it  will  acquire  no  motion  by  the 
preffure  of  the  incumbent  weight :  it  will  neither  de- 
fcend,  nor  afcend,  nor  change  its  figure.     If  it  be 

fphsrical^ 
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febxricaly  it  will  remain  fo  notwithftanding  the  pref- 
(ure  ;  if  it  be  fquare,  it  will  remain  fquare :  and  that 
whether  it  be  foft,  or  fluid ;  whether  it  fwims  freely  in 
the  fluid,  or  lies  at  the  bottom.  For  any  internal  part 
of  a  fluid  is  in  the  fame  flate  with  the  fubmerfed  body ; 
and  the  cafe  of  all  fubmerfed  bodies  that  have  the  fame 
magnitude,  figure,  and  fpeciflc  gravity^  is  alike.  If 
a  fubmerfed  body  retaining  its  weight,  ihould  diifolvc 
and  put  on  the  form  of  a  fluid,  this  bcdy,  if  before  it 
would  have  afcended,  defcended,  or  from  any  preffure 
alFume  a  new  figure,  would  now  likewife  afcend,  de- 
fcend,  or  piit  on  a  new  figure;  and  that  becaufe  its  gra- 
vity and  the  other  caufcs  of  its  motion  remain*  But 
(by  Cafe  5.  Prop,  ip.)  it  wouU  now  be  at  reft  and  re-- 
tain  its  figure.    Therefore  alfo  in  the  former  cafe. 

Cor.  5.  Therefore  a  body  that  is  fpecifically  hear 
vier  than  a  fluid  contiguous  to  it,  will  finlt*  and  that 
which  is  fpecifically  lighter  will  afcend,  and  attain  fo 
much  nnotion  and  change  of  figure,  as  that  excefs  or 
defcft  of  gravity  is  able  to  produce.  For  that  excefs 
or  defe<5l  is  the  fame  thing  as  an  impulfe,  by  which  a 
body,  otherwifem  eqMilibrio  with  the  parts  of  the  fluid, 
is  afted  on  ;  and  may  be  compared  with  the  excefs  or 
defed  of  a  weight  in  one  of  the  fcales  of  a  balance. 

Cor.  6.  Therefore  bodies  placed  in  fluids  have  a 
twofold  gravity ;  the  one  true  and  abfolute,  the  other 
apparent,  vulgar  and  comparative.  Abfolute  gravity 
is  the  whole  force  with  which  the  body  tends  down- 
wards :  relative  and  vulgar  gravity  is  the  excefs  of  gra^ 
vity  with  which  the  body  tends  downwards  more  than 
the  ambient  fluid.  By  the  firft  kind  of  gravity,  the 
parts  of  all  fluids  and  bodies  gravitate  in  their  proper 
places ;  and  therefore  their  weights  taken  together,  com- 
pofe  the  weight  of  the  whole.  For  the  whole  taken 
together  is  heavy,  as  may  be  experienced  in  vcffcls  full 
of^iquor ;  and  the  weight  of  the  whole  is  equal  to  the 
weights  of  all  the  parts,  and  is  therefore  compofed  o£ 
"     F  3    '  '^  then^. 
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them.  By  the  other  kind  of  gravity  bodies  do  not 
gravitate  in  their  places,  that  is,  compared  with  one 
another,  they  do  not  preponderate,  but  hindering  one 
another's  endeavours  to  defcend,  remain  in  their  pro- 
per places,  as  if  they  were  not  heavy.  Thofe  things 
wKich  are  in  the  air  and  do  not  preponderate,  are  com- 
monly looked  on  as  not  heavy.  Thofe  which  do  pre- 
ponderate arc  commonly  reckoned  heavy,  in  as  much 
as  they  are  not  fuftained  by  the  weight  of  the  air.  The 
common  weights  are  nothing  elfe  but  the  excefs  of  the 
true  weights  above  the  weight  of  the  air.  Hence  alfo 
vulgarly  thofe  things  are  called  light,  which  are  lefs 
heavy  ;  and  by  yielding  to  the  preponderating  air, 
mount  upwards.  But  thefe  are  only  comparative- 
ly light,  and  not  truly  fo,  becaufe  they  defcend  in  v4- 
tuo.  Thus  in  water,  bodies  which,  by  their  greater 
or  lefs  gravity,  defcend  or  afcend,  are  comparatively 
and  apparently  heavy  or  light,  and  their  comparative 
and  apparent  gravity  or  levity  is  the  excefs  or  defedfc 
by  which  their  true  gravity  either  exceeds  the  gravity 
or  the  water  or  is  exceeded  by  it.  But  thofe  things 
which  neither  by  preponderating  defcend,  nor,  by 
yielding  to  the  preponderating  fluid,  afcend,  altho'  by 
their  true  weight  they  do  increafe  the  weight  of  the 
whole,  yet  comparatively,  and  in  the  fenfe  of  the  vul- 
gar, they  do  not  gravitate  in  the  water.  For  thefe 
cafes  are  alike  demonftrated. 

CoR.  7.  Thefe  things  which  have  been  demonftra- 
ted concerning  gravity,  take  place  in  any  other  centri- 
petal forces. 

CoR.  8.  Therefore  if  the  medimn  in  which  any 
body  moves  be  afted  on  either  by  its  own  gravity,  or 
by  any  other  centripetal  force,  and  the  body  be  ur* 
ged  more  powerfully  by  the  fame  force ;  the  diflPerence 
of  the  forces  is  tha  very  motive  force,  which  in  the 
foregoing  Propofitions  I  have  confider'd  as  ^xentripc- 
Xt\  iqx<^.    ^ut  if  the  body  be  more  lightly  urg'd  by 

that 
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that  force,  the  difference  of  the  forces  becomes  a  cen- 
trifugal force,  and  is  to  be  confider'd  as  fuch. 

Cor.  p.  But  fince  fluids  by  preffing  the  included 
bodies  do  not  change  their  external  figures,  it  appears 
alfo,  (by  Cor.  Prop.  19.)  that  they  will  not  change 
the  fituation  of  their  internal  parts  in  relation  to  one 
another ;  and  therefore  if  animals  were  immerfed  there- 
in, and  that  all  fenfation  did  arife  from  the  motion  of 
their  parts;  the  fluid  will  neither  hurt  the  immerfed  bo- 
dies, nor  excite  any  fenfation,  unlefs  fo  far  as  thofe 
bodies  may  be  condenfed  by  the  compreflion.  And  the 
cafe  is  the  fame  of  any  fyflcm  of  bodies  encompaffed 
with  a  comprefling  fluid.  All  the  parts  of  the  fyflem 
will  be  agitated  with  the  fame  motions,  as  if  they  were 
placed  in  a  vacuum,  and  would  only  retain  their  com- 
parative gravity ;  unlefs  fo  far  as  the  fluid  may  fome- 
what  refifl  their  motions,  or  be  requifite  to  congluti- 
nate  them  by  compreffion. 

Proposition  XXI.     Theorem  XVI. 

Let  the  denfity  of  any  fluid  be  proportional  to 
the  compreffion,  and  its  parts  he  attracted 
downwards  by  a  centripetal  force  reciprocally 
proportional  to  tke  diftances  from  the  centre: 
I  fay,  that,  if  thofe  diflances  be  taken  con- 
tinually proportional,  the  denfities  of  the  fluid 
at  the  fame  diflances  will  be  alfo  continually 
proportional.     PI.  5.  Fig.  i. 

Let  j1  y^denote  the  fphaerical  bottom  of  the  fluid, 
^the  centre,  5-^,  SB,  SC,  SD,  SE,  SF,  &c.  diftances 
continually  proportional.  Ere<fl  the  perpendiculars  u^/f, 
*/,  CK,  DL,  EM,  FN,  &c.  which  fliall  be  as  the 
denfities  of  the  medium  in  the  places  A,  B,  C,  A  £,  Fi 
^  the  fpecific  gravines  in  thofe  places  will  be 
-^  F  4  as 
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j4H   BI    CK     ^  t  •  I    •      11 

*^  ZiS'  BS'   C^'        *    ^^'   '  "        ^^^'    ^' 

. — -»   g— 5  TTfiJ  &^»     Suppofe  firft  ihcfe  gravities  to 
^B     BC     C  D 

be  uniformly  continued  from  A  to  B,  from  B  to  C, 
from  C  to  A  &c.  the  decrements  in  the  points  B,  C,P, 
&c.  being  taken  by  fteps.     And  thefe  gravities  drawn 
into  the  altitudes  A  By  BCj  CD,  &c.  will  give  the 
preffures  jiH,  B  L  CK,  &c.    by  which  the  bottom 
j4TF  is  ailed  on,  fby  Theor.  15,)      Therefore  the 
particle  A  fuftains  all  the  preffures  AH,  BI^  CK,  DL^ 
&c.  proceeding  in  infinitum  ;  and  the  particle  B  fuftains 
the  preffures  of  all  but  the  firft  jlH  i  and  the  particle 
C  all  but  the  two  firft  jiH^  B I ',   and  fo  on  :    and 
therefore  the  denfity  AH  oi  the  firft  particle  jf  is  to 
thedenfity  BI  oi  the  fecond  particle  S  as  the  fum  of 
all  AH'\'  B  r-\-  CK'\-DLi  in  infinitum,  to  the  fum 
of  all  BI-\'CK^\-DLy  &c.    And  BI  the  denfity  of 
the  fecond  particle  B  is  to  CK  thedenfity  of  the  third  C, 
as  the  fum  of  all  BI^l-CK-^^-DL,  &c,  to  the  fum  of  all 
C-RT-I-  D  L,  &c.  Therefore  thefe  fums  are  proportional  to 
their  differences  AHj  BI,  CK,  &c.and  therefore  continu- 
ally proportional,  (by  Lem.  i.  of  this  Book)  and  there^ 
fore  the  differences  ^/f,  B  lyCKj  &c.  proportional  to 
the  fums,  are  alfo  continually  proportional.    Wherefore 
fince  the  denfities  in  the  places  A^  By  C,  &c.  arc  as  AHj 
Bli  CKj&cc.  they  will  alfo  be  continually  proportional. 
Proceed  intermiljively,  znd^  ex  4i]uoj  at  thediftances«J^, 
SCySE  continually  proportional,  the  denfities  AHj  CK, 
E  M  will  be  continually  proportional.  And  by  the  fame 
reafoning,   at  any  diftances  SA,  SD,  SG  continually 
proportional,  the  denfities  AH^  DLyGO  will  be  con* 
tinually  proportional.  Let  now  the  points  A,  B,  C,  D,  E, 
&c.  coincide,  fo   that  the  progreflion  of  the  fpecific 
gravities  from  the  bottom  A  to  the  top  of  the  fluid 
may  be  made  continual  j  and  at  any  diftances  SAy  SD, 

SG 
\ 
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SG  continually  proportional,  the  dcnfities  AH^  DLyGQ 
being  all  along  continually  proportional,  will  ftill  re- 
main continually  proportional.    Q.  E.  D. 

CoR  Hence  if  the  denfity  of  the  fluid  in  two  p|a, 
ces  as  ^  and  E  be  given,  its  denffty  in  any  other  place 
^may  be  coUefted.  With  the  centre  S,  and  the  rec^ 
tangular  afymptotes^^,  5  JT  defcribe  (Fig.  i.)  an  Hy- 
perbola cutting  the  perpendiculars  AHy  EM,  QT  ia 
a,  f,  and  ^,  as  alfo  the  perpendiculars  HXy  MZ  T2f 
let  fall  upon  the  afymptotc  SX  'inhi  m^  and  /•  Make 
the  area  TmtZ  to  the  given  area  TmhX  as  the  given 
^rea  fr^jg^to  the  given  area  EeaA\  and  the  lineJZT^ 
produced  will  cut  off  the  line  QT  proportional  to  the 
denfity.  For  if  the  lines  SA^SEy  SQ^  are  continu- 
ally proportional,  the  areas  Etq  j^EeaA  will  be  equal, 
and  thence  the  areas  TmtZ,  XhmT  proportional  to 
fhem  will  be  alfo  equal,  and  the  lines  SXy  ST^SZ^ 
Ithat  is,  AH,  EM^  QT  continually  proportional  as 
they  ought  to  be.  And  if  the  lines  *y^,  SE,  ^ Qjh* 
tain  any  jother  order  in  the  feries  of  continued  propor- 
tionals, the  lines  AHy  EAiy  OT^  becaufe  of  tne  pro- 
portional hyperbolic  areas,  will  obtain  the  fame  order  ia 
another  feries  of  quantities  continually  proportional. 

Proposition  XXII.  Theorem  XV1I-' 
liBt  the  denfity  of  any  fluid  be  proportional  to^ 
the  comprejfion,  and  its  parts  be  attracted 
downwards  by  a  gravitation  reciprocally  pro- 
portional to  the  jquares  of  the  dtjlances  from 
the  centre  :  I  fay-,  that:,  if  the  dijiances  be 
taken  in  harmonic  progreffion^  the  denfities 
of  the  fluid  at  thofe  diftances  will  be  in  a 
geometrical progrejfion.    PI.  j.  Fig.  3- 

Let  S  denote  the   centre,   and  SA,  SBySQ  SD^ 
SEj  the  diflances  in  Geometrical  progreflion.  ^  Ereft 
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the  perpendiculars  AH^  BI9  CK,  &c.  which  (hall  be 
as  the  denfides  of  the  fluid  in  the  places  jiy  Bj  CyD^  Ey 
&c.  and  the  fpecific  gravities  thereof  in  thofe  places 

will  be  as  jp,  j^,  -j^*  &c.      Suppofe  thefc 

gravities  to  be  uniformly  continued,  the  firfl:  from  A 
to  B,  the  fecond  from  B  to  C,  the  third  from  C  to  D, 
&c.    And  thefe  drawn  into  the  altitudes  A  By  B  C,  CDy  * 
X)Jp,  &c.  or,  which  is  the  fame  thing,  into  the  dif- 
tanc^  SAy  SB>  S  C  &c.  proportional  to  thofe  alti- 

j         .„    .      AH    BI    CK   ^         , 
tudcs,  will  give  ——,  on*  Jc^  ^^*   ^"^  exponents 

of  the  preffures.  Therefore  fince  the  denfitics  are  as 
the  fums  of  thofe  preflures,  the  differences -rf// — BIy 
BI'-^CK,  &c.  of  the  denfities  will  be  as  the  differences 

of  thofe  fums  --—  ,  -^7- ,  -— ;,  &c.    With  the  centre 
oA     o  B     o  C 

Sy  and  the  afymptotes  SAy  Sx,  defcribe  any  Hyper- 
bola, cutting  the  perpendiculars  AHy  BIy  CKy  &c.  in 
4,  b,  c,  &c.  and  the  perpendiculars  Ht^  lu,  Kw  let  fall 
upon  the  afymptote  Sxy  inib,  1,  k^  and  the  differences 

AH     R I 

of  the  denfities  tu,uw,  &c.  will  be  as  -r—  ,    r~, 

oA        bh 

tec.    And  the  redlangles  tuxtb^  uwxui^   8cc.    or 

AHxth    Blxui     ^         , 
tpyuqy  &c.  as  — jjTj— 1  ~SB~'  ^^'    ^^ 

A  ay  B  by  ice.  For,  by  the  nature  of  the  Hyperbola, 
SA  is  to  AH  or  Sty  as  /ib  to  A  ay  and  therefore 
AHxth 

-^-jT^ —  is  equal  to  Aa.    And,  by  a  like  reafoning, 
uA 

JR  Tx  ui 

"  ^  -  -  is  equal  to  Bby  &c.    But  Adj  BbyCcy  &c. 
0  B 

are  continually  proportional,  and  therefore  proportional 

to  their  differences  A  a  —  Bb,  Bb  —  Ccy   &c.    and 

therefore  the  reftangles  tfy  uq^  ice*  are  proportional 

4  to 
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to  thofe  difitrences  i  as  alfo  the  funis  of  tbe  redangles 
tf -j- nq  or  tpAr^q-Y^^  ^^  ^^^  ^^^^  ^^ ^^^ diffe- 
rences jid — Cc  or  Am  —  DsL  Suppofe  feveral  of 
thefe  terms»  and  the  fum  of  all  the  differences,  as 
Ad  —  Ff^  will  be  proportional  to  the  fum  of  all  the 
rectangles,  as  z^thn.  Increafe  the  number  of  termt^ 
and  diminiih  the  diflances  of  the  points  Aj  B^  C>  &c.  im 
p^immnh  and  thofe  redangles  will  become  equal  to 
the  hyperbolic  zxtiz^thn^  and  therefore  the  difference 
Ad — Ff  is  proportional  to  this  area.  Take  now  any 
diftances  as  SAy  SD^  SF  in  harmonic  progreflion,  and 
the  differences  Aa  —  Ddy  D^  — f/will  be  equal; 
and  therefore  the  areas  thlx,  xlnz,  proportional  to 
thofe  differences  will  be  equal  among  themfelves,  and 
the  denfities  St^  Sx^  4?*,  that  is,  AH3  DL^  FN 
continually  proportional.     O^  E.  D. 

Cor.  2.  Hence  if  any  two  denfities  of  the  fluid,  as 
AH  and  Bl  ht  given>  the  area  thiuj  anfwering  to 
their  difference  tu  will  be  given  ;  and  thence  the  den- 
fity  FN  will  be  found  at  any  height  S  F,  by  taking 
the  area  thnz,  to  that  given  ixtzthiu  as  the  difference 
Ad — Ff  to  the  difference  Ad  —  Bb. 

Scholium. 

By  a  like  reafoning,  it  may  be  proved,  that  if  the 
gravity  of  the  particles  of  a  fluid  be  diminished  in  1 
triplicate  ratio  of  the  diftances  from  the  centre  j  and 
the  reciprocals  of  the   fquares  of  the  diftances  SA9 

«n   o^  ^       ,   ^  1    SA'     SA^     SA^\   ,       , 
SB,  Sa  See.  (namdy  j-^,  ^^.  j^J   be  taken 

in  an  Arithmetical  progreffion,  the  denfities  w^M  Bit 

CK,  8cc.  will  be  in  a  Geometrical  progreflion.     And  if 

the  gravity  be  diminifhed  in  a  quadruplicate  ratio  of 

the  diflances,  and  the  reciprocals  of  the  cubes  of  the 

J..  ,    SA^     SA^     SA^    .      .   u    .1 

difbnces  (as^^,  j^,  —   Sec.)   be  taken    m 
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Arithmetical  progreffion,  the  dcnfities  AH^  B  /,  CJf, 
&c.  will  be  in  Geometrical  progreffion.  And  (o  in 
infinitum.  Agab,  if  the  gravity  of  the  particles  of  the 
fluid  be  the  fame  at  all  diftances,  and  the  diftances  be  in 
Arithmetical  progreffion,  the  denfities  will  be  in  a 
Geometrical  progreffion,  as  I)r.  Haltey  has  found.  If 
the  gravity  be  as  the  diftance^  and  the  fquares  of  th^ 
diftances  be  in  Arithmetical  progreffion,  the  denfities 
will  be  in  Geometrical  progreffion.  And  (oinififinkum. 
Thefe  things  will  be  fo,  when  the  denfity  of  the  fluid 
condenfed  by  compreflion  is  as  the  force  of  compreffion, 
6r>  which  is  the  fame  thing,  when  the  fpace  pofleffed 
by  the  fluid  is  reciprocally  as  this  force.  Other  laws 
of  condenfation  may  be  fuppofed,  as  that  the  cube  of 
the  compreffing  force  may  be  as  the  biquadrate  of  the 
denfity  ;  or  the  triplicatfe  ratio  of  the  force  the  fame 
with  the  quadruplicate  ratio  of  the  denfity :  In  which 
cafe,  if  the  gravity  be  reciprocally  as  the  fquarc  of  the 
diftance  from  the  centre,  the  denfity  will  be  recipror 
cally  as  the  cube  of  the  diftance.  Suppofe  that  the 
cube  of  the  compreffing  force  be  as  the  quadrato-cube 
of  the  denfity;  and  if  the  gravity  be  reciprocally  as 
the  fquare  of  the  diftance,  the  denfity  wjll  be  recipro- 
cally in  a  fcfquiplicate  ratio  of  the  diftance.  Suppofe 
the  compreffing  force  to  be  in  a  duplicate  ratio  of  the 
denfity,  and  the  gravity  reciprocally  in  a  duplicate  ratio 
of  the  diftance,  and  the  denfity  will  be  reciprocally  as 
the  diftance.  To  run  over  all  the  cafes  that  might  be 
offered,  would  be  tedious.  But  as  to  our^own  air,  this 
is  certain  from  experiment,  that  its  denfity  is  either 
accurately  or  very  nearly  at  Icaft  as  the  compreffing 
force  ;  and  therefore  the  denfity  of  the  air  in  the  at- 
mofphere  of  the  earth  is  as  the  weight  of  the  whole 
incumbent  air,  that  is,  as  the  height  of  the  mercury  ii^ 
the  barometer. 
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Proposition  XXIII.    Theorem  XVIII. 

If  a  fluid  be  compofed  of  particles  mutually  fly: 
ing  each  other y  and  the  denfity  be  as  the  com- 
prejjiony  the  centrifugal  forces  of  the  parti- 
cles will  be  reciprocally  proportional  to  the 
diftances  of  their  centres,  jind  vice  vcrfa, 
particles  ^ing  each  other  with  forces  that 
are  reciprocally  proportional  to  the  diftances 
of  their  centres^  compofe  an  eldftic  fluids 

.  whofe  denfity  is  as  the  compreffion.  PL  5* 
Fig- 4. 

Let  the  fluid  be  fuppofed  to  be  included  in  a  cubic 
fpace  ACE^  and  then  to  be  reduced  by  compreffion 
into  a  lefTer  cubic  fpace  4^ ^^  and  the  diftances  of  the 
particles  retaining  a  like  fituation  with  refped  to  each 
other  in  both  the  fpaces,  will  be  as  the  (ides^£,  46  of 
the  cubes  i  and  the  denfities  of  the  mediums  will  bere« 
ciprocally  as  the  containing  (paces  AB^y  ab^.  In  the 
plane  fideof  the  greater  cube  ^J5  CD  take  the  fquare 
DP  equal  to  the  pkne  fide  db  of  the  lefler  cube :  and, 
by  the  fuppofitiop,  the  prelTure  with  which  the  fquarc 
DP  urges  the  inclofed  fluid,  will  be  to  the  preflure 
with  which  that  fquare  db  urges  the  inclofed  fluid,  as 
the  denfities  of  the  mediums  are  to  each  other,  that  is^ 
as  ah^  to  AB^.  But  the  preflure  with  which  the  fquare 
D  B  urges  the  included  fluid,  is  to  the  preflure  with  which 
the  fquare  DP  urges  the  fame  fluid,  as  the  fquare  DB  to 
the  fquare  UP,  that  is,  as  AB^  to  4^*.  Therefore, 
0X  €qHOy  the  preflure  with  which  the  fauare  V  B  urges 
the  fluid  is  to  the  preflure  with  whicn  the  fquare  db 
urges  the  fluid  i  zs  ab  to  AB^  Let  the  planes  FG  H» 
flhyht  drawn  thro*  the  middles  of  the  two  cubes,  and 
flividc  the  fluid  into  two  parts.  Thefe  parts  will 
J  '  ~   '.     ^     ~  prcfs 
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prefs  each  other  mutually  with  the  fame  forces  with 
which  they  are  themfelves  prefled  by  the  planes  AC3 
4Ci  that  is,  in  the  proportion  of  4^  to  jiB:  and  there- 
fore the  centrifugal  forces  by  which  thefe  preflures  are 
fuftained,  are  in  the  fame  ratio.  The  number  of  the 
particles  being  equal,  and  the  fituation  alike,  in  both 
cubes*  the  forces  which  all  the  particles  exert,  according 
to  the  planes  FGH^  fghj  upon  all,  are  as  the  forcei 
which  each  exerts  on  each.  Therefore  the  forces  which 
each  exerts  on  each  according  to  the  plane  FGH'm  the 
greater  cube,  are  to  the  forces  which  each  exerts  on  each 
according  to  the  plane /^  A  in  the  leffer  cube,  as  4^  to 
jiB^  -that  is,  reciprocally  as  the  diftances  of  the  parti- 
cles from  each  other.     O.  E.  D. 

And,  vice  verjiy  if  the  forces  of  the  fingle  particles 
are  reciprocally  as  the  diftances,  that  is,  reciprocally  as 
the  fides  of  the  cubes  AB,  at ;  the  fums  of  the  forces 
will  be  in  the  fame  ratio,  and  the  preflures  of  the  fides 
DB9  db  as  the  fums  of  the  forces  i  and  the  prcflure 
of  the  fquare  D?  to  the  preflure  of  the  fide  DBzsab^ 
to  u4B^,  And,  ex  aquoj  the  preflure  of  the  fquare 
DP  to  the  preflure  of  the  fide^^  as  ab^  to  uiB^y  that 
is,  the  force  of  compreflion  in  the  one  to  the  force  of 
compreflion  in  the  other,  as  the  denfity  in  the  former 
to  the  denfity  in  the  latter.    Q.E.D. 

Scholium. 

By  a  like  reafoning,  if  the  centrifugal  forces  of  the 
particles  are  reciprocally  in  the  duplicate  ratio  of  the 
diftances  between  the  centres,  the  cubes  of  the  com- 
prefling  forces  will  be  as  the  biquadrates  of  the  denfi- 
ties.  If  the  centrifugal  forces  be  reciprocally  in  the 
triplicate  or  quadruplicate  ratio  of  the  diftances,  the 
cubes  of  the  comprefling  forces  will  be  as  the  quadrate- 
cubes,  or  cubb-cubes  of  the  denfities.  And  univer- 
fally,  if  D  be  put  for  the  diftancey  and  £  for  the  den- 
fity 
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(ity  of  the  conapreiTed  fluid,  and  the  centrifugal  forces 
be  reciprocally  as  any  power  D"  of  the  diftancCy  whole 
index  is  the  number  n  i  the  comprefling  forces  will  be 
as  the  cube  roots  of  the  power  E*+*,  whofe  index  is 
the  number  ^+  2* :  and  the  contrary.    All  thefethbgs 
are  to  be  underftood  of  particles  whofe  centrifugal  forces 
terminate  in  thofe  particles  that  are  next  them,  or  are 
diffiifed  not  much  furthen    We  have  an  example  of 
.  tbis  in  magnetical  bodies.     Their  attraftive  virtue  is 
teiminated  nearly  in  bodies  of  their  own  kmd  that  are 
next  them.     The  virtue  of  the  magnet  is  contraded 
bytheinterpofitionof  an  iron  plate;  and  is  almoft  ter- 
minated at  it.      For    bodies  further  o£F  are  not  at- 
trafted  by  the  magnet  fo  much  as  by  the  iron  plate* 
If  in  this  manner  particles  repel  others  of  their  own 
kind  that  lie  next  them,  but  do  not  exert  their  virtue  oa 
the  more  remote^  particles  of  this  kind  will  compofe 
fuch  fluids  as  are  treated  of  in  this  propofition.    It  the 
virme  of  any  particle  diffufe  itfelf  every  way  in  inpm* 
tmy  there  will  be  required  a  greater  force  to  produce 
an  qual  condenfation  of  a  greater  quantity  of  the  fluid* 
But  whether  elaftic  fluids  do  really  confift  of  particles 
fo  repelling  each  other,  is  a  phyfical  auefUon.     We 
have  here  demonftrated  mathematically  the  property  of 
fluids  confiftihg  of  particles  of  thi^^ciqd,  that  hence 
pbilofophers  may  take  occafion  to  dikufs  that  queftion* 
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SECTION    VI- 

Of  the  fnotian  and  rejifiance  of  fune^ 
pendulous  bodies. 


I^RoPosiTioN  XXI Y.     Theorem  XIX. 

The  quantities  of  matter  in  fur^pendulous  bo^ 
diesy  whofe  centres  of  efc illation  are  equally 
difiant  from  the  centre  of  /kf^enfiony  are  in 
a  ratio  compounded  of  the  ratio  of  the  weights 
and  the  duplicate  ratio  of  the  times  of  the 
ofcillations  ia  vacuo. 

For  the  vdociry,  which  a  given  force  cari  generate 
in  a  given  matter  in  a  given  time,  is  as  the  force  and 
the  timi?  direftly,  and  the  matter  inverfely.  The 
greater  the  force  or  the  time  is,  or  the  lefs  the  matter, 
the  greater  velocity  will  be  generated*  This  is  mani- 
feft  from  the  fecond  law  of  motion.  Now  if  pendu- 
lums are  of  the  fame  length,  the  motive  forces  in  places 
equally  diftant  from  the  perpendicular  are  as  the  weights : 
and  therefore  if  two  bodies  byofcillating  defcribe  equal 
arcs,  and  thofe  arcs  are  divided  into  equal  parts ;  fince 
the  times  in  which  the  bodies  defcribe  each  of  the  cor- 
refpondent  parts  of  the  arcs  are  as  the  times  of  the  whole 
ofcillations,  the  velocities  in  the  correfpondent  parts  of 
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the  ofcillations  will  be  to  each  other,  as  the  motive 
forces  and  the  whole  times  of  the  ofcillations  direftly, 
and  the  quantities  of  matter  reciprocally :  and  therefore 
the  quantities  of  matter  are  as  the  forces  and  the  times 
of  the  ofciHations  diredly  and  the  velocities  recipro- 
cally. But  the  velocities  reciprocally  are  as  the  times, 
and  therefore  the  times  direftly  and  the  velocities  reci- 
procally are  as  the  fquares  of  the  times ;  and  therefore 
the  quantities  of  matter  are  as  the  motive  forces  and 
the  fquares  of  the  times,  that  is,  as  the  weights  and  the 
fquares  of  the  times.    Q^E.  D. 

CoR.  I.  Therefore  if  the  times  are  equal,  the  quan- 
tities of  matter  in  each  of  the  bodies  areas  the  weights. 

CoR.  z.  If  the  weights  are  equal,  the  quantities  of 
matter  will  be  as  the  fquares  of  the  times. 

CoR.  }.  If  the  quantities  of  matter  are  equal,  the 
weights  will  be  reciprocally  as  the  fquares  of  the 
times. 

CoR.  4.  Whence  fincc  the  fquares  of  the  time?, 
utteris  parihiSf  are  as  the  lengths  of  the  pendulums ; 
therefore  if' both  the  times  and  quantities  of  matter  are 
qaal,  the  weights  will  be  as  tTic  lengths  of  the  pendu- 
lums. 

CoR.  5.  And  univerfallv,  the  quantity  of  matter  in 
the  pendulous  body  is  as  tne  weight  and  the  fquare  of 
the  time  diredly,  and  the  length  of  the  ^ndulum  in- 
verfely. 

Cor.  6.  But  in  a  nqn-refifting  medium,  the  quan- 
tity of  matter  in  the  periddous  body  is  as  the  compa- 
rative weight  and  the  fquare  of  the  time  direftly,  and 
the  length  of  the  pendulum  inverfely.  For  the  com- 
parative weight  is  the  motive  force  of  the  body  in  any 
heavy  medium,  as  was  fhewn  above;  and  therefore 
does  the  fame  thing  in  fiich  a  non-refifting  medium,  as 
the  abfolutc  weight  does  in  a  vacuum. 

Cor.  7.  And  hence  appears  a  method  both  of  com- 
paring bodies  one  among  another,  as  to  the  quantity  of 
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matter  in  each  ;  and  of  comparing  the  weights  of  the 
fame  body  in  different  places,  to  know  the  variation  of 
its  gravity.  And  by  experiments  made  with  the  greatefl: 
accuracy,  I  have  always  found  the  quantity  of  matter 
in  bodies  to  be  proportional  to  their  weight* 

Proposition  XXV.     Theorem  XX. 

Funipendulous  bodies  that  are,  in  any  medium^ 
refilled  in,  the  ratio  of  the  moments  of  time i 
and  funipendulous  bodies  that  move  in  a  non- 
refifting  medium  of  the  fame  fpecific  gravity^ 
perform  their  ofcillations  in  a  cycloid  in  the 
fame  time,  and  defcribe  proportional  parts  of 
arcs  together.     PL  5«  Fig-  5* 

Let  AB  be  an  arc  of  a  cycloid,  which  a  body  P, 
by  vibrating  in  a  non-refifling  medium  fhall  defcribe  in 
any  time.  Bifeft  that  arc  in  C,  fo  that  C  qiay  be  the 
lowefl  point  thereof;  and  the  accelerative  force  with 
which  the  body  js  urged  in  any  place  D  or  d  or  E  will 
be  as  the  length  of  the  arc  CD  or  C^or  CE.  Let 
that  force  be  exprefTed  by  that  fame  arc;  and  fince  the  re- 
fiftance  is  as  the  moment  of  the  time,  and  therefore  gi-- 
ven,  let  it  be  exprefs'd  by  the  given  part  CO  of  the 
cycloidal  arc,  and  take  the  arc  Od  in  the  fame  ratio  to 
the  arc  CD  that  the  arc  OB  has  to  the  arc  CB  :  and 
the  force  with  which  the  body  in  d  is  urged  in  a  re- 
fifting medium,  being  the  excefs  of  the  force  Cd  above 
the  refiftance  CO^  will  be  exprefTed  by  the  arc  Od^  and 
will  therefore  be  to  the  force  with  which  the  body 
D  is  urged  in  a  non-refifting  medium  in  the  place  D» 
as  the  arc  O^i  to  the  arc  CD  ;  and  therefore  alfb  in  the 
place  By  as  the  arc  OB  to  the  arc  CB.  Therefore  if 
two  bodies  Dyd  go  from  the  place  By  and  are  urged  by 
thefe  forces ;  lince  the  forces  at  the  beginning  arc  as  the 
^         '  .  ^cs 
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arcs  CB  and  OB,  the  firft  velocities  and  arcs  firft  de- 
fcribed  will  be  in  the  fame  ratia  Let  thofe  arcs  be  BD 
and  Bdy  and  the  remaining  arcs  CD,  Od,  will  be  ia 
the  fame  ratio*  Therefore  the  forces,  being  proportional 
tt)  thofe  arcs  CDyOd^  will  remain  in  the  fame  ratio 
as  at  the  beginning,  and  therefore  the  bodies  will  con- 
tinue defcribing  together  arcs  in  the  fame  ratio.  There- 
fore the  forces  and  velocities  and  the  remaining  arcs 
CD,  Od,  will  be  always  as  the  whole  arcs  C5,  OF, 
and  therefore  thofe  remaining  arcs  will  be  defcri- 
bed  together.  Therefore  the  two  bodies  D  and  d 
will  arrive  together  at  the  places  C  and  O;  that 
which  moves  in  the  non-refifting  medium,  at  the  place 
Ci  and  the  other,  in  the  refifting  medium,  at  the  place 
0.  Now  iince  the  velocities  in  C  and  O  are  as  the 
arcs  CB,  OBy  the  arcs  which  the  bodies"  dcfcribe  whm 
they  go  farther,  will  be  in  the  fame  ratio.  Let  thofe 
arcs  be  C£andO^.  The  force  with  which  the  body 
D  in  a  non-refifting  medium  is  retarded  in  E  is  as  C£, 
and  the  force  with  which  the  body  d  in  the  refitting 
medium  is  retarded  in  ^,  is  as  the  fum  of  the  force  Ce 
and  the  refiftance  CO,  that  is,  as  Oe;  and  therefore 
the  forces  with  which  the  bodies  are  retarded,  are  as  the 
arcs  C 5,  05,  proportional  to  the  arcs  CE^Oe;  and 
therefore  the  velocities,  retarded  in  that  given  ratio,  re- 
main in  the  fame  given  ratio.  Therefore  the  velocities 
and  the  arcs  defcribed  with  thofe  velocities,  are  always 
to  each  other  in  that  given  ratio  of  the  arcs  CB  and 
OB;  and  therefore  if  the  entire  arcs  jiB^  aB  are  ta- 
ken in  the  fame  ratio,  the  bodies  D  and  dyriVi  defcribe 
thofe  arcs  together,  and  in  the  places  A  and  a  v/ill 
lofe  all  their  motion  together.  Therefore  the  whole  ofcil- 
lations  are  ifochronal,  or  are  performed  in  equal  times^ 
and  any  parts  of  the  arcs,  as  BDy  Bd,  or  BE,  Bey  that 
arc  defcribed  together,  are  proportbnal  to  the  whole 
^xc%BA,Ba.    Q^E.D. 
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Cor.  Therefore  the  fwifteft  motion  in  a  rcfiftinjj 
medium  does  not  fall  upon  the  ioweft  point  C  but  is 
found  in  that  point  Oy  ia  which  the  whole  arc  defcri"* 
bed  £4  is  bifeded.  And  the  body  proceeding  from 
thence  to  4,  is  retarded  at  thrfame  rate  with  which  it: 
was  accelerated  before  in  its  defceat  from  £  to  0. 

Proposition  XXVt.     Theorem  XXL 
Tunipenduhus  bodies^  that  are  refifted  in  the 

ratio  of  the  velocity ^  have  their  ofcitlations 

in  a  cycloid  ifochronal. 

For  if  two  bodies,  equally  diftant  from  their  centres 
of  fufpenfion,  defcribe*  in  ofcillating,  unequal  arcs^ 
and  the  velocities  in  the  correfpondent  parts  of  the  arcs 
be  to  each  other  as  the  whole  arcs  $  the  refiftances,  pro* 
portional  to  the  velocities)  will  be  alfo  to  each  other  as 
the  iame  arcs.  Therefore  if  thefe  refiftances  be  fub- 
duded  from  or  added  to  the  motive  forces  arifing  from 
gravity  which  are  as  the  fame  arcs,  the  diflFerences  or 
Jums  will  be  to  each  other  in  the  fame  ratio  of  the  arcs : 
and  (ince  the  increments  and  decrements  of  the  velocities 
are  as  thefe  differences  or  fums,  the  velocities  will  be 
always  as  the  whole  arcs :  Therefore  if  the  velocities 
are  in  any  one  cafe  as  the  whole  arcs,  they  will  remain 
always  in  the  fame  ratio.  But  at  the  beginning  of  the 
motion,  when  the  bodies  begin  to  defcend  and  defcribe 
thofe  arcs,  the  forces,  which  at  that  time  are  propor* 
tional  to  the  arcs,  will  generate  velocities  proportional 
to  the  arcs.  Therefore  the  velocities  will  be  always  as 
the  whole  arcs  to  be  defcribed,  and  therefore  thofe  arcs 
yiVi  be  defcribed  in  the  fame  time*    Q:  E.  Z). 
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Proposition  XXVII.   Theorem  XXIF. 

If  funipendulous  bodies  are  rejtjied  in  the  dupli- 
cate ratio  of  their  velocities^  the  differences 
between  the  times  of  the  ofcillations  in  a  re^ 
Jtfting  medium  J  and  the  times  of  the  ofcilla^ 
tions  in  a  non-refiJUng  medium  of  the  fame 
fpecifc  gravity 9  will  be  proportional  to  the 
arcs  defcribedin  of  dilating  nearly. 

For  let  equal  pendulums  in  a  refifting  medium  de« 
fcribe  the  unequal  arcs  A)  B  ;  and  the  reHftance  of  the 
body  in  the  arc  A  will  be  to  the  refiftance  of  the  bo- 
dy in  the  correlpondent  part  of  the  arc  B  in  the  dupli- 
cate ratio  of  the  velocities^  that  is>  as  A  A  to  B  B  nearly. 
If  the  refiftance  in  the  arc  B  were  to  the  refifbnce  m 
the  arc  A  as  A  B  to  A  A  ;  the  times  in  the  arcs  A  and 
B  would  be  equal  (by  the  laft  Prop.)  Therefore  the  re- 
fiftance A  A  in  the  arc  A,  or  A  B  in  the  arc  B,  caufes 
the  excefs  of  the  time  in  the  arc  A  above  the  time  in  a 
non-refifting  medium ;  and  the  refiftance  B  B  caufes 
the  excefs  of  the  time  in  the  arc  B  above  the  time  in  a 
non-refifting  medium.  But  thofe  excefTes  are  as  the 
efficient  forces  A  B  and  B  B  nearly^  that  is,  as  the  arcs 
AandB.    Q.E.D. 

CoR«  i«  Hence  from  the  times  of  the  ofcillatiods  in 
unequal  arcs  id  a  refifting  medium^  may  be  known  the 
times  of  the  ofcillations  m  a  non-refifting  medium  of 
the  fame  fpecific  gravity.  For  the  difference  of  the 
times  will  be  to  the  excefs  of  the  time  in  the  leffer  arc 
above  the  time  in  a  non-re(ifting  mediumy  as  the  diffe- 
rence of  the  arcs  to  the  leffer  arc. 

Cor.  z.  The  fhorter  ofcillations  are  more  ifochro- 
iai|  and  very  ihort  ones  are  performed  nearly  in  the 
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fame  times  as  in  a  non-refifting  medium.  But  the 
times  of  thofe  which  are  performed  in  greater  arcs  are 
a  iittle  greater,  becaufe  the  refiftance  in  the  defcent  of 
the  body,  by  which  the  time  is  prolonged,  is  greater,  in 
proportion  to  the  length  defcribed  in  the  defcent,  than 
the  refiftance  in  the  fubfequent  afcent,  by  which  the 
time  is  contrafted,  But  the  tiaie  of  the  ofcillations, 
both  ihort  and  long,  feems  to  be  prolonged  in  fome 
meafurc  by  the  motion  of  the  medium.  For  retar- 
ded bodies  are  refifted  fomewhat  left,  in  proportion 
to  the  velocity,  and  accelerated  bodies  fomewhat  more, 
than  thofe  that  .procesed- uniformly  forwards;  bccauf<f 
the  medium,  by  the  motion  it  has  received  from  the 
bodies,  going  forwards  the  fame  way  with  them,  is 
more  agitated  in  the  former  cafe,  and  lefs  in  the  latter ; 
and  fo  confpires  more  or  lefs  with  the  bodies  moved. 
Therefore  itrefifts  the  pendulums  in  their  defcent  more, 
and  in  their  afcent  lefs,  than  in  proportion  to  the  vc* 
locity ;  and  thcfc  two  caufes  concurring  prolong  the 
time. 

Proposition  XXVIII.  Theorem  XXIIL 

Jf  a  funipendulous  body^  ofcillatim  in  a  cy- 
cloidy  be  rejijiedin  the  ratio  of  the  moment t 
cf  the  time ^  its  rejiflance  will  beta  the  force 
of  gravity  as  the  excefs  of  the  arc  defcribed 
in  the  whole  defeent  above  the  arc  defcribed 
in  the  fubfequent  afcent y  to  ti^ice  the  kr%gfh 
0f  tlot  pendulum.  PI.  5.  Fig- 5. 

Let  B  C  reprefent  the  arc  defcribed  in  the  defcenri 
Ca  the  arc  defaibed  intheafcentj  and  A  a  the  difference 
of  the  arcs :  andthiogs  remaining  as  they  were  conftraftecl 
and  dcmonftrated  in  Prop.  2  j,  ^hc  force  with  which  th^ 
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ofcillating  body  is  urged  in  any  place  D,  will  be  to  the 
force  of  refiftancc  as  the  arc  CD  to  the  arc  CO,  which 
is  half  of  that  difference  Aa.  Therefore  the  force 
with  which  the  ofcillating  body  is  urged  at  the  begin- 
ning or  the  higheft  point  of  the  cycloid,  that  is,  the 
force  of  gravity,  will  be  to  the  refiftance  as  the  arc  of 
the  cycloid,  between  that  higheft  point  and  lo weft 
point  C,  is  to  the  arc  CO ;  that  is,  (doubling  thofe 
arcs)  as  the  whole  cycloidal  arc,  or  twice  the  length  of 
the  pendulum,  to  the  arc  A  a.     O.  E.  D. 

Proposition  XXIX.     Problem  y\. 

Suppojing  that  a  body  ofcillating  in  a  cycloid  is 
rejyied  in  a  duplicate  ratio  of  thf  velocity :  to 
fnd  the  ref fiance  in  each  place.  PI.  5  •  Fig-  6. 

Let  54  be  an  arc  defcribed  in  one  entire  ofcillation, 
C  the  loweft  point  of  the  cycloid,  and  CZ  half  the 
whole  cycloidal  jrc,  equal  tc^  the  length  of  the  pendu- 
lum ;  and  let  it  be  required  tafind  the  refiftance  of  th^ 
body  in  any  place  D.  Cut  the  indefinite  right  line  O  Q^ 
in  the  points  O^SjP^Q^^  fo  that  (ereding  the  perpen- 
diculars OK^STyPIy  OE,  and  with  the  centre  O, 
and  the  afymptptes  OiT,  O  O^defcribing  the  hyperbola 
TIGE  cutting  the  perpendiculars  ST»  ?U  QE  in  7; 
/and £,  and  thro'  thejJoint  /drawing  KF^  parallel  to 
the  afVmptotc  i)i2?  meeting  the  afymptote  O^  in  Ky 
and  the  perpendiculars  -yj'and  jOEinZiandF)  the 
hyperbolic  area  PIEO^  may  be  to  the  hyperbolic 
trtzPlTS  as  the  arc BC,  defcribed  in  the  defccnt  ©f 
the  body,  to  the  arc  Ca  defcribed  in  the  afccnt ;  and 
t{iat  the  area  lEFmzy  be  to  the  area  ILTas  OQ^to 
OS.  Then  with  the  perpendicular  MN  cut  off  the 
hyperbolic  area  P I  JVM,  and  let  that  area  be  to  the 
hyperbolic  area  PIEO   as  the  arc  CZ  to  the  arc 
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BCdcfcribed  in  the  deftcnt.  And  if  the  pcrpendicu- 
hv  RG  cut  off  the  hyperbolic  ar^a  PIGRj  which 
ihall  be  to  the  area  PIEO^^s  any  arc  CD  to  the  arc 
i  C  defcribed  in  the  whole  defcent  i  the  refiftance  in 
any  place  I>  will  be  to  the  force  of  gravity,  as  the  area 

—  lEF'-lGH  to  the  area  ?INM. 

For  fince  the  forces  arifing  from  gravity  with  which 
the  body  is  urged  in  the  places  Z,  B$  /),  4,  are  as  the 
arcs  CZj  CBy  CDj  Cay  and  thofe  arcs  are  as  the  areas 
TIN  My  PtECK  PIGRy  PITS  ;  let  thofe  areas  be 
the  exponents  both  of  the  arcs  and  of  the  forces  re- 
fpedively.  Let  Dd  be  a  very  fmall  fpace  defcribed  by 
the  body  in  its  defcent ;  and  let  it  be  expreffed  by  the 
very  fmall  area  ^Gjjr  comprehended  between  the  paral- 
lels RGyrg\  axid produce  rg  to  hy  fo  that  GHhgy  and 
RGgr  may  be  the  contemporaneous  decrements  of  the 
areas  IGHyPIGR.    And  the  increment  GHhg  — 

^lEFy  ov  RrxHG--  ^lEF^    of    the    area 

OR 

^^—lEF — IGH  will  be  to  the  decrement  RGgr^ 

IE  F 
or  RrxRGy  of  the  area  PIGR,   as  HG ^— 

OR  "^ 

to  RG;  and  therefore  as  ORxHG — -qq^^^  ^^ 

ORxGR  ov  OPxPIy  that  is  (becaufe'^f  the  e- 
qual  quantities  ORxHGy  ORxHR  —  ORxGRj 
ORHK—OPIKy  PIHR  ^d  PIGR ^l- IGH)  as 

PIGR  ^-  IGH—  ?^/£^  to  OPIK.    Therefore 

if  the  area  ~IEF—IGHhccz\kdYyZndRGgr 

the  decrement  oTthe  area  PIGR  be  given,  the  incrc- 
snent  of  the  area  Y  will  be  as  i^/G  ^  —  Y, 

Then 
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Then  if  V  reprcfent  the  force  arifing  from  the  gra- 
vity, proportional  to  the  arc  CD  to  be  defcribed,  by 
which  the  body  is  aded  upon  in  A  and  K  be  put  for 
the  refiftance ;  V — R  will  be  the  whole  force  with 
which  the  body  is  urged  in  D.  Therefore  the  incre- 
ment of  the  velocity  is  as  V — R  and  the  particle  of 
time  in  which  it  is  generated  conjunftly.  But  the  ve- 
locicy  itfelf  is  as  the  contemporaneous  increment  of  the 
fpace  defcribed  diredly  and  the  fame  particle  of  time 
inverfcly.  Therefore,  fince  the  refiftance  is,  by  the 
fuppofition,  as  the  fquare  of  the  velocity,  the  incre- 
ment of  the  refiftance  will  (by  Lcm.  z.)  be  as  the  ve- 
locity and  the  increment  of  the  velocity  conjundly, 
that  is,  as  the  moment  of  the  fpace  and  V — R  con- 
junftly ;  and  therefore,  if  the  moment  of  the  fpace  be 
given,  as  V — R ;  that  is,  if  for  the  force  V  ^e  put 
Its  exponent  PIGRy  and  the  refiftance  R  beexprefled 
by  any  other  area  Zf  ^$  PIGR  —  Z. 

Therefore  the  area  PICR  uniformly  decreafing  by 
the  fubdudion  of  given  moments,  the  area  Y  incrcafes 
in  proportion  of  P/G^— Y,  and  the  area  Z  in  pro- 
portion oi  PIGR^—Z.  And  therefore  if  the  areas  Y 
and  Z  begin  together,  and  at  the  beginning  are  equaU 
thefe,  by  the  addition  of  equal  moments,  will  continue 
to  be  equal  ;  and  in  like  manner  decreafing  by  eaual 
moments  will  van^fti  together.  And,  vice  verja,  if  they 
together  begin  and  vanifti,  they  wilj^have  equal  moments 
and  be  always  equal :  add  that,  bAP&ufe  if  the  refiftance  Z 
be  augmented,  the  velocity  together  with  the  arc  Co, 
defcribed  in  the  afcent  of  the  body,  will  be  diminiftied; 
and  the  point  in  which  all  the  motion  together  with 
the  refiftance  ceafes,  coming  nearer  to  the  point  C>  the 
refiftance  vanifties  (boner  than  the  area  Y.  And  the 
contrary  will  happen  when  the  refiftance  is  diminiftied# 

Now  the  area  Z  begins  and  ends  where  the  refiftance 
is  nothing,  that  is,  at  the  beginning  of  the  motion' 
^bere  the  arc  CD  is  equal  to  the  arc  CB^  and  the  right 
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line  R  G  falls  upon  the  right  line  O^E  3  and  at  the  end 

of  the  motion  where  the  arc  CD  is  equal  to  the  arc 

Ca,  ztidRG  falls  upon  the  right  line  ST.    And  the 

OR 
area  Y  or  ^r—IEF^^IGH  begins   and  ends  alfo 

where  the  rcliThnce  is  nothing,  and  therefore  where 

_  /£iFand  IGH  are' equal ;  that  is,  (by  the  con- 

ftruftion)  where  the  right  line  R  G  falls  fucceffively 
upon  the  right  lines  ^£  and  ST.  Therefore  thote 
areas  begin  and  vanifh  together,  and  are  therefore  al- 

O  R 
ways  equal.     Therefore  the  area  ^—  lEF  —  IGHh 

equal  to  the  area  Z,  by  which  the  remlance  is  cxpreffcd, 
and  therefore  is  to  the  area  RINM  by  which  the  gra- 
vity is  cxprcffcd  as   the  refiftance  to  the  gravity. 

"^CoR.  I.  Therefore  the  refiftance  in  the  loweft  place 

OP 
C  is  to  the  force  of  gravity,  as  the  area^/£-F  to 

the  area  PINM. 

Cor.  2.  But  it  becomes  greateft,  where  the  area 
TJHR  is  to  the  area  I EF^s  OR  to  0  0^  For  in 
that  csyfe  its  moment  (that  is,  PIGR^'^Y)  becomes 
nothing. 

Cor.  5.  Hence  alfo  may  be  known  the  velocity  in 
each  place  :  as  being  in  the  fubduplicate  ratio  of  the  re- 
fiftance, and  at  the  beginning  of  the  motion  equal  to 
the  velocity  of  the  body  ofcillating  in  the  fame  cycloid 
without  any  refiftance. 

However,  by  reafon  of  the  difficulty  of  the  calcu- 
lation by  which  tho.  refiftance  and  the  velocity  arc 
found  by  this  Propofition,  wt  have  thought  fit  to  fub^ 
join  the  Propofition  following. 


Pro- 
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Proposition  XXX.    ThSeorem  XXIV. 

If  aright  line^^  (PI.  <S.  Fig.  i.)  be  equal  to^ 
the  arc  of  a  cyvloid  which  an  ofcillating  body 
defcribesy  and  at  each  of  its  points  \i  the  per- 
pendiculars Y^Y^  be  eredtedy  which  fh  all  be  t)^ 
the  length  of  ihe  pendulum  as  the  rejijlance 
of  the  body  in  the  correfponding  points  of  the 
arc  to  the  force  of  gravity :  Ifajy  that  the 
difference  between  the  arc  defcribed  in  the 
whole  defcent  and  the  arc  defcribed  in  the 
whole  fubfequent  afcent  drawn  into  half  the 
fum  of  the  fame  arcs,  will  be  equal  to  the  area 
B  K  a  which  all  t ho fe perpendiculars  take  up. 

Let  the  arc  of  the  cycloid,  defcribed  in  one  entire 
ofcillation,  be  exprefledfby  the  right  line  a  By  equal  to 
it)  and  the  arc  which  would  have  been  defcribed  /» 
muoy  by  the  length  ^  J?.  Bife<3:  ^IBinCj  and  the 
point  C  will  irepreftnt  the  loweft  point  of  the  cycloid* 
antJ  CD  will  be  as  the  force  arifing  from  gravity,  with, 
whic£  the  bo^y  in  D  is  urged  in  the  diredion  of  the 
tangent  of  the  cycloid,  and  wiU  have  the  fame  ratio  t<> 
the  length  of  the  pendulum  as  the  force  in  JD  ha^to 
the  force  of  gravity.  Let  that  force  therefore  be  ex- 
preffed  by  that  length  CD,  and  theforce  of  gravity  by 
the  length  of  the  pendulum,  apd  if  m  DE  you  take 
^K'xvi  the  fame  ratio  to  the  length  of  the  pendulum. a« 
the  refiftance  has  to  the  gravity,  DK,  will  be  th«  €|t- 
ponent  of  the  refinance."  From  the  centre  C  with  the 
interval  CAqv  CB  defcribe  a  femi- circle  B£/-4.  Let 
the  body  defcribe,  in  the  leaft  time,  the  fpace  Dd,  and 
crefting  the  perpendiculars  Z)^,  de,  meeting  the  cir- 
Wmferencc  in  £  and  c,  they  will  be  as  the  velocities 

which 
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vhich  the  body  defcending  in  vacuo  from  the  point  B 
would  acquire  in  the  {>iaces  D  and  i.    This  appears  by 
Prop.  51.  Book  I.     Let  therefore  thefe  velocities  be 
♦xpreffed  by  thofe  perpendiculars  I>£,  de;  andlecUF 
be  the  velocity  which  it  acquires  in  JD  by  falling  from 
B  in  the  refitting  medium.     And  if  from  the  centre  C 
with  the  interval  CF  we  dclcribe  the  circle  FfM  meet- 
ing the  right  lines  de  and  AB'va  f  and  My  then  M 
will  be  the  place  to  which  it  would  thenceforward, 
without  farther  refiftance,  afcend,  and  df  the  velocity 
it  would  acquire  in  d.    Whence  alfo  if  Fg  rcprefenc 
the  moment  of  the  velocity  which  the  body  /),  in  de- 
fcribing  the  leaft  fpaceD^,  lofes  by  the  refiftance  of 
the  medium  j  and  C7\7  be  taken  equal  to  Cg  :  then 
will  iVbe  the  place  to  which  the  body,  if  it  met  no 
farther  refiftance,    would  thenceforward  afcend,  and 
MN  win  be  the  decrement  of  the  afcent  arifing  from 
the  lofs  of  that  velocity.  .  Draw  Fm  perpendicular  to 
dfi  and  the  decrement  Fg  of  the  velocity  D/*  gene- 
rated by  the  refiftance  DK  will  be  to  the  increment 
fm  of  the  fame  velocity  generated  by  the  force  CD,  as 
the  generating  force  DK  to  the  generating  force  CD. 
But  becaufc  of  the  fimilar  triangles  Fmfi  Fhg,  FD  Cy 
fm  is  to  Fm  or  Dd  as  CD  to  DF;  and,  ex^eqmy  Fg 
to  Dd  ^$DK  to  DF*    Alfo  Fh  is  to  Fg  as  DF  to 
CF;  and,   ex  aquo  perturbath  Fh  ox  MN  to  Dd  ^ 
DK  to  t7F  or  CM ;   and  therefore  the  fum  of  all 
the  MJVx  CM  will  be  equal  to  the  fum  of  all  the 
Dd^DK.    At  the  moveable  point  M  fuppofe  always 
a  redangular  ordinate  erefted  equal  to  the  mdeterminate 
CMy  which  by  a  continual  motion  is  drawn  into  the 
whole  length^4 ;  and  the  trapezium  defcribedby  that 
Ipfiotioo,  or  its  equal,  the  redangle  Aax^aB^  will  be 
equal  to  the  fum  of  all  the  MNx  CMt  and  therefore 
to  the  fum  of  all  the  Di/xDi^  that  is>  to  the  area 
BKVTa.    Q.E.D. 

Cob? 
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Cor.  Heoce  from  the  law  of  refiftanceand  thedif^ 
krtnct^a  of  the  arcs  Csj  CB  may  be  coUe&ed  the 
proportion  of  the  refiftance  to  the  gravity  nearly* 

For  if  the  rcfiftance  DK  he  uniform,  the  figure 
tKT^  will  be  a  redangle  under  Bd  and  DKi  and 
thence  the  redangle  under  ^  B4  and  jid  will  be  equal 
to  the  redangle  under  Bd  and  DK^  and  27  JC  will  be 
qua!  to  ^  jid.  Wherefore  (ince  /)  JC  is  the  exponent  of 
the  reiiftanccy  and  the  length  of  the  pendulum  the  ez« 
ponent  of  the  gravity,  the  refiftance  will  be  to  the 
gravity  as  J  jid  to  the  length  of  the  pendulum ;  alto- 
gether as  in  Prop.  28.  is  demonftrated. 

If  the  refiftance  be  as  the  velocity,  the  figure  BKTm 
vHl  be  nearly  an  ellipfis.  For  it  a  body,  in  a  noo* 
refifting  medium,  by  one  entire  5fcilIation,  ihould  de« 
fciibe  the  length  B/fj  the  velocity  in  any  |)lace  D 
would  be  as  the  ordinate  DE  of  the  circle  defcribed  oa 
the  diameter  j£B*  Therefore  fince  J!  4  in  the  refiftii^ 
medium,  and  Bj£  in  the  non-refifting  one*  are  defcri- 
bed nearly  in  the  fame  times ;  and  therefore  the  veloci« 
Qes  in  each  of  the  points  of  Bdj  are  to  the  velocities  in 
die  correfpondent  points  of  the  length  B^i  nearly  2$  Bm 
is  to  B^;  the  velocity  in  the  point  i)  in  the  refifting 
ncdium  will  be  as  the  ordinate  of  the  circle  or  ellipfis 
ddcribed  upon  the  diameter  Bd;  and  therefore  th« 
%ure  BKVTd  will  be  nearly  an  ellipfis.  Since  the 
raftance  is  fuppofed  proportional  to  the  velocity,  let 
OFht  the  ex|K>nent  of  the  refiftance  in  the  middle  point 
0;  and  an  ellipfis  BRV'Sd  defcribed  with  the  centre 
0,  and  the  femiaxes  OB^Of^  will  be  nearly  equal  to 
?be  figiu-e  BKVTd  J  and  to  its  equal  the  redangle 
AdxBO.  Therefore  AdxBO  is  toOVxBO  as  the 
area  of  this  elliofis  to  OVx  BO;  that  is,  jid  is  to  Of^ 
as  the  area  of  tWe  femicircle  to  the  fquare  of  the  ndius, 
or  as  n  to  7  nearly ;  and  therefore  tt-^^  "  to  the 
length  of  the  pendulum,  as  the  refiftance  of  the  ofcilbh* 
ting  body  in  O  to  its  gravity. 

Now 
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'  Now  if  the  refiftance  DX  be  in  the  duplicate  ratio 
of  the  velocity,  the  figure  BKFTa  will  be  almoft  a 
Parabola  having  f^  £ot  its  vertex  and  O/^for  its  axis, 
and  therefore  'will  be  nearly  equal  to  the  reftangle  un- 
der  \Ba  and  O^  Therefore  the  reftangle  under 
^Ba  and  A  a  is  equal  to  the  reftangle  ^  Bax  OP^ 
and  therefore  O/^  is  equal  to^^a:  and  therefore  the 
refiftance  in  0  made  to  the  olcillating  body  is  to  its 
gravity  as^vf^  to  the  length  of  the  pendulum. 

And  I  take  thefe  conclufions  to  be  accurate  enough 
for  pradical  ufcs.  For  fince  an  Ellipfis  or  Parabola 
BRTSa  falls  in  with  the  figure  BK/^Ta  in  the  mid- 
dle point  /^  that  figure,  if  greater  towards  the  part 
BRf^ or  f^Sa  than  the  other,  is  Isfs  towards  the  con* 
trary  part>  and  is  therefore  nearly  equal  to  ir» 

Proposition  XXXL    Theorem  XXV* 

If  the  rejijiance  wade  to  an  ofcillating  body  in 
each  of  the  proportional  parts  of  the  arcs 
defcribed  be  augmented  or  diminifbed  in  a 
given  ratio  5  the  difference  between  the  arc 
defcribed  in  the  defcent  and  the  arc  defcribed 
in  the  fubfequent  afcent^  will  be  augmented 
or  diminifbed  in  the  fame  ratio. 

For  that  difference  arifes  from  the  retardation  of 
the  pendulum  by  the  refiftance  of  the  medium,  and 
therefore  is  as  the  whole  retardation,  and  the  retarding 
refiftance  proportional  thereto.  In  the  foregoing  Pro- 
pofition  the  reftangle  under  the  right  line  \aB  atid 
the  difference  ^4  of  the  arcs  CB^  Ca  was  equal  to 
the  are4  B  KTa.  And  that  area,  if  the  length  a  B  re- 
mains, is  augmented  or  diminiftied  in  the  ratio  of  the 
ordinates  DKi  that  is,  in  the  ratio  of  the  refiftance, 
and  is  therefore  as  tjie  length  aB  and  the  refiftance  con- 

jundly* 
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jundly.  And  therefore  the  redangle  under  ^4  and 
\aB  is  as  4^3  and  the  refiftance  conjundly,  and  tbere^ 
lore  yia  is  ^s  the  refiftance.     O^E.D* 

Cor.  I.  Hence  if  the  refiftance  be  as  the  velocity; 
the  difference  cf  the  arcs  in  the  fame  medium  will  be 
as  the  whole  arc  defcribed  :  and  the  contrary. 

Cor.  z.  If  the  refiftance  be  in  the  duplicate  ratio 
of  the  velocity,  that  difference  will  be  in  the  duplicate 
ratio  of  the  whole  arc  :  and  the  contrary. 

Cor.  5i  And  univerfally,  if  the  refiftance  be  in  the 
triplicate  or  any  other  ratio  of  the  velocity,  the  diffe- 
rence will  be  in  the  fame  ratio  of  the  whole  arc :  and 
the  contrary. 

Cor.  4.  If  the.  refiftance  be  partly  in  the  fimplc  ra- 
tio of  the  velocity,  and  partly  in  the  duplicate  ratio  of 
the  fame,  the  difference  will  be  partly  in  the  ratio  of 
the  whole  arc,  and  partly  in  the  duplicate  ratio  of  it : 
and  the  contrary.  So  that  the  law  and  ratio  of  the  re* 
(iftance  will  be  the  fame  for  the  velocity*  as  the  lav 
and  ratio  of  that  difference  for  the  length  of  the  arc. 

Cor.  5.  And  therefore  if  a  pendulum  defcribe  fuc« 
ceifively  unequal  arcs,  and  we  can  find  the  ratio  of  the 
increment  or  decrement  of  this  difference  for  the  length 
of  the  arc  defcribed ;  there  will  be  had  alfo  the  ratio  of 
the  increment  or  decrement  of  the  refiftance  for  a 
grwcr  or  lefs  velocity. 

General  Scholium. 

Prom  thefe  Propcfitions,  we  may  find  the  refiftance 
of  mediums  by  pendulums  ofcillacing  therein.  I  found 
the  refiftance  of  the  air  by  the  followmg  experiments.  I 
fufpended  a  wooden  globe  or  ball  weighing  57,^  ounces 
Averdupois,  its  diameter  6|  London  inches,  by  a  fine 
thread  on  a  firm  hook,  fo  that  the  diftance  between 
the  hook  and  the  centre  of  ofcillation  of  the  glob^was. 
10  J  foot.    I  marked  on  the  thread  a  point  10  foot  and 
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I  inch  diftant  from  the  centre  of  fufocnfion  ;  and  even 
with  that  point  I  placed  a  ruler  divided  into  inches,  bj 
the  help  whereof  I  obferved  the  lengths  of  the  arcs 
dcfcribed  by  the  pendulum.  Then  I  numbered  the 
ofcillations,  in  which  the  globe  would  lofe  \  part  of 
its  motion*  If  the  pendulum  was  drawn  aiide  from 
the  perpendicular  to  the  diftance  of  z  inches,  an^ 
thence  let  go,  fo  that  in  its  whole  defcent  it  defcribe<t 
an  arc  of  two  inches,  and  in  the  firft  whole  ofcillation, 
Compounded  of  the  defcent  and  fubfequent  afcent,  an 
arc  of  almoft  four  inches:  the  fame  in  1(^4  ofcillations 
bfl  J  part  of  its  motion,  fo  as  in  its  lall  afcent  to  de- 
fcribe  an  arc  of  i^  inches.  If  in  the  firft  defcent  ic 
ilefcribed  an  arc  of  4  inches ;  it  loft  \  part  of  its  mo- 
tion in  121  ofcillations,  fo  as  in  its  laft  afcent  to  de- 
fcribe  an  arc  of  5^  inches.  If  in  the  firft  defcent  ic 
defcribed  an  arc  of  8,  16,  32,  or  6^  inches ;  it  loft  f 
part  of  its  motion  in  6p,  55^,  18^,  pf  ofcillations, 
refpeftively.  Therefore  the  difference  between  the 
arcs  defcribed  in  the  firft  defcent  and  the  laft  afcent, 
was  in  the  i^,  i\  5**,  4^*^,  5'^  6^^  cafe,  \rh  i»  *5  4>  ^ 
inches,  relpeaively.  Divide  thofe  differences  by  the 
number  ox  ofcillations  in  each  cafe,  and  in  one  mean 
ofcillation,  wherein  an  arc  of  5  J,  7  J,  if,  30,  (fo,  xio 
inches  was  defcribed,  the  difference  of  the  arcs  de* 
fcribed  in  the  defcent  and  fubfequent  afcent  will  be 

6^'  ai'  k  VT'  Tj'  i^parwof  aninch,  refpeaively. 
But  thefe  differences  in  the  greater  ofcillations  arc  in 
the  duplicate  ratio  of  the  arcs  defcribed  nearly,  but  in 
leffer  ofcillations  fomething  greater  than  in  that  ratio  ; 
and  therefore  (by  Cor.  2.  Prop.  5 1.  of  this  Book)  the 
refiftanc^  of  the  globe,  when  it  moves  very  fwift,  is 
in  the  duplicate  ratio  of  the  velocity,  nearly;  and 
when  it  moves  flowly,  fomewhat  greater  than  in  that 
ratio. 


Let 
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Now  let  V  reprefent  thegreateft  velocity  in  any  of- 
cillation*  and  let  A)  B,  and  C  be  given  quantities,  and 
lee  us  fuppofe  the  difference  of  the  arcs  to  be  AV^- 

B  V '  -{-  C  V  * .  Since  the  greareft  velocities  are  in  the 
cycloid  as  ^  the  arcs  defcribed  in  ofcillating,  and  in  the 
circle  as  \  the  chords  of  thofe  arcs ;  and  therefore  in 
equal  arcs  are  greater  in  the  cycloid  than  in  the  circlet 
in  the  ratio  of  \  the  arcs  to  their  chords ;  but  the  times 
in  the  circle  arc  greater  than  in  the  cycloid,  in  a  reci- 
procal ratio  of  the  velocity ;  it  is  plain  that  the  diffe- 
rences of  the  arcs  (which  are  as  the  refiftance  and  the 
fquare  of  the  time  conjunftly)  are  nearly  the  fame,  in 
both  curves :  for  in  the  cycloid  thofe  differences  muft 
be  on  the  one  hand  augmented,  with  the  refiftance,  in 
about  the  duplicate  ratio  of  the  arc  to  the  chord,  be- 
caufe  of  the  velocity  augmented  in  the  fimple  ratio  of 
the  fame;  and  on  the  other  hand  dimini(hed,  with  the 
fquare  of  tlie  time,  in  the  fame  duplicate  ratio.  There- 
fore to  reduce  thefe  obfer  vat  ions  to  the  cycloid,  we 
muft  take  the  fame  differences  of  the  arcs  as  were  ob- 
ferved  in  the  circle,  and  fuppofe  the  greateft  velocities 
analogous  to  the  half,  or  the  whole  arcs,  that  is,  to  the 
numbers  7,  i,  i,  4,  8,  i(J.  Therefore  in  the  %^y  4'*", 
and(J^*»  cafe,  put  i,4and  i6  for  V;  and  the  difference 

of  the  arcs  in  the  i^  cafe  will  become  -^  =  A-+-B 

I  z  I  * 

+  C ;  in  the  4'»»  cafe—  =  4A  ^-  8B  .|^  16C  ;  in 

the  6'^  cafe  —  =i(JA-|-64B4- ^5<^C.  Thefe  equ*-' 

tions  reduced  give  A=:6,oooo9i(J,  Bz=o,ooio847> 
and  €  =  0,0029558,     Therefore  the    difference  of 

the  arcs   is   as    OjOooojKJV  ^- 0,0010847  V*  ^' 

0,00295 5 8  V*  :  and  therefore  fince  (by  Cor.  Prop.  30. 

applied  to  this  cafe;  the  refiftance  of  the  globe  m  the 

Vol.  II.  H  m^^\ 
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middle  of  the  arc  defcribcd  in  ofcillating,  where  the  ve- 
locity is  V,  is  to  its  weight  as  ,^,AV+,^oBV»  ^- 

^CV*  to  the  length  of  the  pendulum;  if  for  A,  B, 
and  C  you  put  the  numbers  found,  the  reliftance  of 
the  globe  will  be  to  its  weight,  as  0,000058 5  V-[- 

0,0007595V*  -1-  0,0022159V*  to  the  length  of  the 

I)endulum  between  the  centre  of  fufpenfion  and  the  ru- 
er,  that  is,  to  121  inches.  Therefore  fince  V  in  the 
2^  cafe  reprefents  i,  in  the  4^**  cafe  4,  and  in  the  5*  cafe 
i5[:  the  refiftance  will  be  to  the  weight  of  the  globe* 
in  the  1^  cafe  as  0,0050545  to  121,  in  the  4'**  as 
0,041748  to  121,  in  thc6^**aso5<Ji705  to  121. 

The  arc  which  the  point  marked  in  the  thread  de- 

■  g 

fcribcd  in  the  6^^  cafe  ,  was  of  120 or    1 19^^ 

inches.  And  therefore  fince  the  radius  was  121  inches, 
and  the  length  of  the  pendulum  between  the  point  of 
fufpenfion  and  the  centre  of  the  globe  was  126  inches, 
the  arc  which  the  cent^  of  the  globe  defcribed  was 
124  3^  inches.  Beaufe  the  greatelt  velocity  of  the  of- 
cillating body,  by  reafon  of  the  refiftance  of  the  air, 
<ioes  not  fall  on  the  loweft  point  of  the  arc  defcribed^ 
but  near  the  middle  place  of  the  whole  arc  :  this  velo- 
city will  be  nearly  the  fame  as  if  the  globe  in  its  whole 
dekent  in  a  non-refifting  medium  ihould  defcribe 
tf  2  ^j,  inches  the  half  of  that  arc,  and  that  in  a  cycloid* 
to  which  we  have  above  reduced  the  motion  of  the 
pendulum  :  and  therefore  that  velocity  will  be  equal 
to  that  which  the  globe  would  acquire  by  falling  per- 
pendicularly from  a  height  equal  to  the  verfed  fine  of 
that  arc»  But  that  verted  fine  in  the  cycloid  is  to  that 
arc  6z^^  as  the  fame  arc  to  twice  the  length  of  the 
pendulum  252,  and  therefore  equal  to  15*278  inches. 
Therefore  the  velocity  of  the  pendulum  is  the  lame 
which  a  body  would  acquire  by  fallingi  and  in  its  fall 
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defcribing  a  fpace  of  159278  inches*  Therefore  with 
fuch  a  velocity  the  gbbe  meets  With  a  refiftance,  which 
h  to  its  weight  as  0,61705  to  izi,  or  (if  we  take 
that  part  only  of  the  refinance  which  is  in  the  dupli- 
cate ratio  of  the  velocity)  as  0,56751  to  12 1« 

I  fotind  by  an  hvaroftatical  experiment,  that  th( 

weight  of  this  wooden  globe  was  to  the  weight  of  a 

globe  of  water  of  the  fame  magnitude  as  55  to  5)7:  and 

therefore  fince  121  is  to  21  ;»4  in  the  fame  ratio,  thd 

refiftance  made  to  this  globe  of  water  moving  forwards 

with  the  abovementioned  velocity9will  be  to  its  weight 

a^  0,56752  to  213,4,  that  is,  as  t  toj^^^^o*  Whence 

fince  the  weight  of  a  globe  of  water,  in  the  time  in 

-which  the  globe  with  a  velocity  uniformly  continued 

defcribes  a  lenjgch  of  30,556  inches,  will  generate  all 

that  velocity  in  the  falling  globe ;  it  is  manifeft  thac 

the  force  of  refiftance  uniformly  continued  in  the  fame 

time  will  take  away  a  velocity^  which  will  be  lefs  than 

the  other  in  the  ratio  of  i  to  ;7^f&>  that  is%  tbr 

;-  part  of  the  whole  velocity*  And  therefore  in  the 

37^5^0  ^ 

time  that  the  globe, with  the  fame  velocity  Uniformly  con- 
tinued, would  defcribe  the  length  of  its  femi-diameter^ 

or  3  j^^  inches,  it  would  k)fc  the  J^  P^  *>f  i^*  "^ 
tion. 

lalfo  counted  the  oTcillations  in  which  thepeiidulum 
loft  %  part  of  its  motion.  In  the  following  table  the 
upper  numbers  denote  the  length  of  the  arc  defctibed  in 
the  firft  defcent,  ezprefled  in  inches  and  ports  of  aa 
inch ;  the  middle  numbers  denote  the  lei^th  of  the 
arc  defcribed  in  the  laft  afcent ;  and  in  the  loweft  place 
are  the  numbers  of  theofdllations.  I  give  an  account 
of  this  experim^Dt,  as  being  more  accurate  than  that  in 
which  only  I  part  of  the  motion  was  loft.  I  leave  the 
cakuhtioa  to  fuch  as  are  di%ofe4  to  make  it^ 
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Brfi  defcent  2  48        16       32       64 

taji  afient  if         3  (^       I2       24       48 

NHmb.ofofcia.  374       272     i52t     85!     41^     22f 

I  afterwards  fufpended  a  leaden  globe  of  2  inches  in 
diameter,  weighing  i6l  ounces  Averdupois  by  the  fame 
thread,  fo  that  between  the  centre  of  the  globe  and  the 
point  of  fufpenfion  there  was  an  interval  of  10  J  fecr, 
and  I  counted  the  ofcillations  in  which  a  given  part  of 
the  motion  was  loft.  The  firft  of  the  following  tables 
exhibits  the  number  of  ofcillations  in  which  |  part  of 
the  whole  motion  was  loft ;  the  fecond  the  number  of 
ofcillations  in  which  there  was  loft  %  part  of  the  fame. 


Firji  defcent 
tafl  afim 
Numb,  ofofeilh 

I        i        4 

«        4        5» 
a2<S  zi8   195 

8    \6 

7   H 
140  5>oJ 

52   <f4 
28   55 

firJi  defcent 
jj^  fifcent  , 
NttnA.  ofofeilU 

I       2         4 
510  518     420 

8     \6 

6       12 

318  204 

52   ^4 

Z4  48 

121  70 

Seleding.  in  the  firft  table  the  3**,  5*,  and  7'** 
obfervation,  and  exprefling  the  greateft  velocities  in 
thefe  obfervations  particularly  by  the  numbers  i,  4,  i^ 
Tcfpeftively,  and  generally  by  the  quantity  V  as  above : 

-there  wiU  come  out  irt  the  3^  obfervation  -^  =  A  -I- 

®  ^-C,  in  the  5*  obfervation  — ^  =4A  --j-  8B4- 

8       * 
16  G,  in  the  7^  obfervation  —  =  16 K  -^  (^48  -|^ 

ja5(J  C.  Thefe  equations  reduced  give  A=  0,001414, 
iBrr:o,ooo257,  C  =  0,000879.  And  thence  the  re- 
fiftance  of  the  globe  moving  with  the  velocity  V  will 
be  to  its  weight  i(i\  ounces,   in  the  fame  ratio  a$ 

0,90 op V  +  o,ooo2o8y'  +  o,ooo<J59V*  to  izi 

inches 
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inches  the  length  of  the  pendulum.     And  if  we  regard 
that  part  only  of  the  refinance  which  is  in  the  duplicate 
ratio  of  the  velocity,  it  will  be  to  the  weight  of  the 
globe  as   0,000559V*  to  121  inches.     But  this  part 
of  the  refiftance  in  the  i^  experiment  was  to  the  weight 
of  the  wooden  globe  of  57/,  ounces  as  OjOozziyV* 
to  121  ;  and  thence  the  refiftance  of  the  wooden  globe 
is  to  the  refiftance  of  the  leaden  one  (their  velocities 
being  equal)   as  57 /^^  into  0,002217  to  i6%  into 
0,000(^59,  that  is,  as  7  f  10  i*     The   diameters  of 
the  two  globes  were  6%  and  2  inches,  and  the  fquares 
of  thefe  are  to  each  other  as  47^  and  41  or  i  \\\  and 
I,  nearly.     Therefore  the  refiftances  of  thefe  equally 
fwift  globes  were  in  lefs  than  a  duplicate  ratio  of  the 
diametcn.    But  we  have  not  yet  confider'd  the  re- 
fiftance of  the  thread,  which  was  ccrtainfly  very  con.- 
fiderabkr  and  ought  to  be  fiibduded  from  the  retiftancei 
of  the  pendulums  here  found.     I  could  not  determine 
this  accurately,  but  I  foimd  it  greater  than  a  third  part 
of  the  whole  refiftance  of  the  Ieff?r  pendulum;    and 
thence  I  gathered  that  the  refiftances  of  the  globes* 
when  the  refiftance  of  the  thread  is  fubduded,  arq 
nearly  in  the  duplicate  ratio  of  their  diameters.  For 
theratioof  7j — f  to  i  — j,  or  to^  to  i  is  not  very 
different  from  the  duplicate  ratio  of  the  diameters,  x\\^ 
to  I. 

Since  the  refiftance  of  the  thread  is  of  lefs  moment 
in  greater  globes,  I  tried  the  experiment  alfo  with  a 
globe  whole  diameter  was  18^:  inches.  The  length  of 
the  pendulum  between  the  point  of  fufpenfion  and  the 
centre  of  ofcillation  W9S  122-  inches,  and  between  the 
ppint  of  fufpenfion  aiKl  th?  knot  in  the  thread  lopt 
inches.  The  arc  defcribed  by  the  knot  at  the  firft  de- 
fcent6f  the  pendulum' was'  52  inches.  The  arc  de- 
fcribed by  the  fame  knot  in  the  laft  afcent  after  five 
ofcillatipns  was  28  inches.  The  fumof  the  arcs  or  the 
whole  arc '  defcribed  .m  one  mean  gfciUatioa  was  60 

H  J  -       inches. 
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inches.     The  difference  of  the  arcs  4  inches.     The 
A  part  of  this,  or  the  <liffcrence  between  the  defcenc 


^o 


and  afcent  in  one  mean  ofcillation  is  f  of  an  inch.  Then 
as  the  radius  109  *  to  the  radius  i  zz  f  lb  is  the  whole 
arc  of  60  inches  defcribed  by  the  knot  in  one  mean  of- 
cillation to  the  whole  arc  of  (f7|  inches  defcribed  by 
the  centre  of  the  globe  in  one  mean  ofcillation  i  and  fo 
is  the  difference  f  to  a  new  difference  0,4475.  If  the 
length  of  the  arc  defcribed  wfre  to  remain,  and  the 
length  of  the  pendulum  (hould  be  augmented  in  the  ra-^ 
tio  of  i£((  to  iz2^;  the  time  of  the  ofcillation  would 
be  augmented)  and  the  velocity  of  the  pendulum  would 
be  diminifhedin  the  fubduplicate  of  that  ratio;  fo  that 
the  difference  0,4475  of  the  arcs  defcribed  in  the  de- 
fcent  and  fubfequent  afcent  would  remain.  Then  if 
the  arc  defcribed  be  augmented  in  the  ratio  of  1243-^ 
to<f7:|,  that  difference  0,4475  would  be  augmented 
in  the  duj>licate  of  that  ratio,  and  fo  would  become 
1,5295.  Tbefe  things  would  be  fo  upon  the  fuppofi- 
<5on,  that  the  rcfifhince  of  the  penduluna  were  m  the 
duplicate  ratio  of  the  velocity.  Therefore  if  the  pen- 
dulum defcribe 'the  whole  arc  of  l^^^^  inches,  aqd  its 
length  between  the  point  of  fufoenfion  and  the  centre  of 
ofcillation  be  iz6  inches,  the  difference  of  the  arcs  de- 
fcribed in  the  defcent  and  fubfequent  afcent  would  be 
1,5  2p  5  inches.  And  this  difference  multiplied  into  the 
weight  of  the  pendulous  globe,  which  was  2o8ounces» 
produces  ^i%^ii6.  Again  in  the  pendulum  above- 
mentioned^  made  of  a  wooden  globe,  when  its  centre  of 
ofcillation,  being  12 <?  inches  h'om  iht  |>oint  of  fuf^ 
penfion,  defcribed  the  whole  arc  of  1243^,  inches,  the 
difference  of  the  arcs  defcribed  in  the  defcent  and  al^^ 

cfnt  w$$  —  into—.  This  multiplied  into  the  weight 

©f  the  globe,  which  was  57  ,\  ounces,  produces  ^^19^ • 

But  I  multiply  thefc  differences  into  the  weights  of 

the  globes,  in  order  to  find  their  rcfiflancest    For  the 

"*    r"      '^'      "^^-   '        dife 
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differences  arife  from  the  refiftances,  and  are  as  the  re^ 
fiftances  direftly  and  the  weights  inverfely .  Therefore 
the  refiftances  are  as  the  numbers  5 18,13  (^  and  49*  ^^(S. 
But  that  part  of  the  refiftance  of  the  lefler  globe,  which 
is  in  the  duplicate  ratio  of  the  velocity,  was  to  the 
whole  refiftance  as  0,5^67  5  i  to  0,^1675,  that  is,  as 
4f>45;  to  49»;p(^>  whereas  that  part  of  the  refiftance 
of  the  greater  globe  is  almoft  equal  to  its  whole  refif* 
tance;  and  fo  thofe  parts  are  nearly  as  ;  18,1 36  and 
45,4539  that  is,  as  7  and  i.  But  the  diameters  of  the 
globes  are  18^  and  6\  i  and  their  fquares  35 li^^  and 
47^4  veas  7,438  and  i,  that  is,  as  the  rehftances- of 
tlie  globes  7  and  i>  nearly.  The  difference  of  thefe 
ratio's  is  fcarce  greater  than  may  arife  from  the  re* 
fiftance  of  the  thread.  Therefore  thofe  parts  pf  the 
refiftances  which  are,  when  the  globes  are  equal*  as  the 
fquares  of  the  velocities ;  are  alio>  when  the  velocities 
are  equal,  as  the  fquares  of  the  diameters  of  the  elobes. 

But  the  greateft  of  the  globes,  I  ufed  in  thefe  ex- 
periments, was  not  perfedly  fphxrical,  and  therefore  in 
this  calcination  I  have,  for  brevity's  fake,  negle<fted 
fome  little  niceties ;  being  not  very  foUicitous  for  aa 
accurate  calculus,  in  an  experiment  that  was  not  very 
accurate.  So  that  I  could  wifli,  that  thefe  experiments 
were  tried  again  with  other  globes,  of  a  larger  fize» 
more  in  numiber,  and  more  accurately  formed  ;  fince 
the  demonftration  of  a  vacuum  depends  thereon.  If 
the  globes  be  taken  in  a  geometrical  proportion,  as  fup* 
pofe  whole  diameters  are  4,  8,  16,  3^  inches;  one  may 
collet  from  the  pr<^reffion  obferved  in  the  experiments 
what  would  happen  if  the  globes  were  ftill  larger. 

In  order  to  compare  the  refiftances  of  diffenent  fluids 
with  each  other,  I  made  the  following  trjals.  I  pro* 
cured  a  wooden  veflel  4  feet  long,  i  foot  broad,  and 
X  foot  high.  This  veffel,  being  uncover'd,  I  fill'd 
with  fpring- water,  and  having  immerfed  pendulums 
ihcrein*  I  made  them  ofcillate  in  the  water.  And  I 
H  4     '    '  —  iomA 
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found  that  a  leaden  globe  weighbg  i<^(J|  ounces,  and 
in  diameter  jf  inches,  moved  therein  as  it  is  fet 
down  in  the  following  table  ;  the  l^ng^h  ol  the  pen- 
dulum from  the  point  of  fufpcnfion  to  a  certain  point 
marked  in  the  thread  being  iz(S  inches,  and  to  the 
centre  of  ofcillation  134-1  inches* 

^the  arc  defiribtd  in^  ' 

the  firfi  defiant  bj^  .    •     . 

a  fmnt  marked  in^6^ .  5  2  •  itf .  8  .  4  •  2,  •  fr  ^  7    •    %. 

the  thready    Oi^asy. 

inches  '    :  J 

The  arc  defiribed  ifQ 

the U^ afientywas>j^%  .  ^4  •  12  .  tf .  5  •  ij-^  .^  •  ^ 

inches  .     j 

The  difference  of  the'^ 

^csfrotHmimdtof  g  .  4  .  1  .  1  .  J  .^  ;  ^  .  /^ 

the  m0t$on  lofty  wasT  ^  a     ^     «        o 

inches  O  • 

The  number  of  th^ 

ofciUa$ions  in  wa-y  .  t^.if  .J.7.ii4:ai|-i3f 

ter  3  ' 

Themssmber  ^f  thclr..i    f.  ^o^.-.^  ,-:.... 

cfcUlationsinair.r^-    '  ^^^-fSJ         , 

In  tl^  experiments  of  the  4^^  column^  tfa^ece  were 
equal  motions  loft  in  535  ofcillatknis  made  in^ the  air^ 
and  if  in  water.  Theofcillaiions  in  .the  air  5if*re  in- 
deed a  little  fwifter  thanthofe  in  the  water^  But  if 
th&  ofcillatiotts  in  the  water  were  accelerated  ia  fiich  a 
ratio  that  the  motions  of  the  pendulums  might  be^equal* 
ly  fwift  inTjoth  mcdmms,  there  would  be>  iHUidie.  fime 
number  if  of  ofcillations  in  the  water^  andhiy  tfa^ 
ihe  (ame  quantity  of  motion  would  be  loll:  a$  before  ; 
becaufe  the  refiftance  is  increafed  and  the  fquare  of  the 
time  dimini filed  in  the  fame  duplicate  ratio.  .  The  pen^ 
!^"^?^?^  therefore. being  of  e^ttal  vdbciticsj  there  were 

equal 
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equal  motions  loft  in  555  ofcilldtiqns  in  the 4^  ^d  if 
in  the  vrateri  and  therefore  the  refiftancc  of  the  pendu^ 
lum  in  the  water  is  to  w  refinance  in  the  air  as  535  to 
if.  This  is  the  proportion  of  the  whole  r^fiftances  id 
the  cafe  of  the  4^^  colunm. 

Now  let  AV-|-  C  V*  reprefent  the  diflFerfince  of  the 
arcs  defcribed  in  the  defcent  and  fubfequenc  afcenc  by 
the  globe  moving  in  air  with  the  greateft  velocity  V  1 
and  fince  the  greatefi  velocity  is  in  (he  cafe  of  tne  4^^ 
colunm  to  the  greateft  yebciry  in  the  qkk  of  the  x^ 
column  as^  I  to  ;8 ;  and  that  difference  of  the  arcs  in  thf 
cafe  of  the  4^^  column  to  the  difference  in;i^  cafe  of 

the  i^  column,  as  -!—  to.r— -,  or  as  $5^  to  4280  : 

■  555  *   851  "^       ^ 

put  in  thefe  cafes  t  and  8  (or  the  velocities;  and  85! 
and  4280  for  the  differeilces  of  the  arcs,  and  A-^G 
will  be  =  8 5f ,  and  ^ A -1- 6^C  =  4a8o.or  A -|- 8C 
=  555  ;  atid  then,  by  rMucing  thefe  equations,  thert 
will  come  out  7C  =  44^^^  and  C  =  <Ja^  and  A  r=i 
21  f  :  and  therefore  the  refiftance*  whitn  is  as  ^^  AV 
+i  C  V*,  ^illbeconftfras:  13  i\V'-|^48^ V^x   Therei 
fore  in  the  cafe  of  the  4^*1  column,  where  the  velocity 
wa»  ip  th^wh^ei-eiiiknce-isto  its  pahfrJ^pbrtional  tQ 
the  fquare  of  the  -velacSty,  as  i  j  /j  -j- 48 ^^  or  <f  if  ^ 
te  485^^;  and  therefore  the  refiftance  of  t|ie  pendulum. m 
water  is  to  that  partof'the  refiftance  in  air,  whichas  pro- 
portictod  to  tlie  fquare  of  the  velocity,  and  wtirdi  in  fwifc 
motions  is  the  only  part  that  deferves  confideration,  as 
6i\^K6^^^iviA  55 y  tb  I j^  conjutifHy,  thatis,  as  571 
to  I.  If  tne  whole  thread  of  the  pendulnm  'ofcillating  in 
the  water  bad  been  immerfed,  its  refifbfhce  would  have 
been  ftill'^  greater ;  fo  that  the  refiftance  of  the  pendu- 
lum bfcjllttirtg  in  the  water,  that  is,  that  part  which  is 
proportional  to  the  fquare  of  the  veloclty^^nd  which 
only  needs  to  be  tonfidery  in  fwift  bodies,  is  fo  the 
refifhflce  of  the  fame  whole  pendulum,  ofcillating  in  air 
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with  the  /amc  velocity,  as  abodt  850  to  i,  that  is,  as 
thedenfity  of  water  to  thedenfity  of  air,  nearly. 

In  this  calculation,  we  ought  alfo  to  have  taken  in 
that  part  of  the  refiftance  of  the  pendulum  in  the  wa- 
ter, which  was  as  the  fquare  of  the  velocity,  but  I 
found  (which  will  perhaps  fecm  ftrange)  that  the  rc- 
fiftance  in  the  water  was  augmented  in  more  than  a  du- 
ipUcate  ratio  of  the  velocity.  In  fearching  after  the 
caufe,  I  thought  upon  this,  that  the  veflel  wastoonar* 
row  for  the  magnitude  oi  the  pendulous  elobe,  and  by 
its  narrownefs  obftruded  the  motion  of  the  water  as  it 
yielded  to  the  ofcillating  globe.  For  when  I  immerfed 
a  pendulous  globe^  whofe  diameter  was  one  inch  only  ; 
the  refiftance  was  augmented  nearly  in  a  duplicate  ratio 
of  the  velocity.  I  tried  this  by  making  a  pendulum 
of  two  globes,  of  which  the  leifer  and  lower  ofciilated 
in  f  he  water,  and  the  greater  and  higher  was  faftened  to 
the  thread  juft  above  the  water,  and  by  ofcillating  in 
thir  air^  affifted  the  motion  of  the  pendulum,  and  con* 
%\xfatiL  it  longer.  The  experiments  made  by  this  con- 
trivance proved  according  to  the  following  table. 

\$rc  defer,  in  JLtPitjcent  16  •  S  •  4  .  2  .  i  «  ^  «  :|; 
^rcdefir.in  Ufi aficMt  12  •  <(  »  3  •  li  •  j:  •  f  •  i^ 
Dif.  Gf  arcs,  r^TUl  ,       •      i      i      i       M 

t0mo$,lofi  J4    •    2'    •    I   •    a   •   t   •    8    •    i'(J 

NmnbiT  rfofciUnikns      5i.tfi.iiiii.11t  •34»53»^^$ 

In  comparing  the  refiftahces  of  the  mediums  with 
each  other,  I  alto  caufed  iron  pendulums  to  ofcillate  in 
quickfilver.  The  length  of  the  iron  wire  was  about 
3  feet,  and  the  diameter  of  the  pendulous  globe  about 
^  of  an  inch.  To  the  wire,  jufl  above  the  quickfilver, 
there  was  fixed  another  leaden  globe  of  a  bi^(s  fuffi- 
cient  to  continue  the  motbn  of  the  pendulum  |br  fome 
time.  Then  a  veifel,  that  would  hold  about  3  pounds 
Qt  quickfilver,  was  filled  by  turns  with  quickfilver  and 

common 
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common  water,  chat  by  making  the  pendulum  ofciV- 
hte  fucccffively  in  thcfe  two  different  fluids,  I  might 
find  the  proportion  of  their  refiftances :  and  the  refif- 
tance  of  the  quickfilver  proved  to  be  to  the  refiftancc 
of  water  as  about  i;  or  14  to  i ;  that  is,  as  the  den* 
fity  of  quickfilver  to  the  denfitv  of  water.  When  I 
made  ufe  of  a  pendulous  globe  (omething  bi^er,  as  of 
one  whofe  diameter  was  about  f  or  f  ofan  inch,  the  refif* 
tance  of  the  quickfilver  proved  to  be  to  the  refiftance 
of  the  water  as  about  iz  or  10  to  !•  But  the  former 
experiment  is  more  to  be  relied  on,  beaufe  in  the  latter 
the  veflel  was  too  narrow  in  proportion  to  the  magni- 
tude of  the  immerfed  globe  :  For  the  vcffel  ought  ta 
have  been  enlarged  together  with  the  globe.  I  intend* 
ed  to  have  repeated  thefe  experiments  with  larger  veffels^ 
and  in  melted  metals,  and  other  liquors  both  cold  and 
hot:  but  I  had  not  leifure  to  try  all ;  and  befides,  front 
what  is  ahtady  defcribed9  it  appears  fufficiently  that  the 
refiftance  of  bodies  moving  fwiftly  is  nearly  proportional 
to  the  denfities  of  the  fluids  in  which  they  move.  I 
don't  fay  accurately.  For  more  tenacious  fluids,  of 
equal  denfity*  will  undoubtedly  refift  more  than  thofe 
that  are  more  liquid*  as  cold  oil  more  than  warm»  warm 
oil  more  than  rain-water>  and  water  more  than  fpirit  of 
wine.  But  in  liquors,  which  are  fenfibly  fluid  enough^ 
as  in  air5  in  fait  and  frefli  water,  in  fpirit  of  wine,  of 
tufpentine  and  falts,  in  oil  cleared  of  its  fsces  by  diftil- 
htion  and  warmed,  in  oil  of  vitriol  and  in  mercury,  and 
neked  metah,  and  any  other  fuch  like>  that  are  fluid 
enough  to  retain  for  fome  time  the  motion  imprefled 
Yipon  them  by  the  agitatiop  of  the  vefiel,  and  which 
being  poured  outareeafily  refolv*d  into  drops  :  I  doubt 
not  but  the  rule  already  laid  down  may  be  accurate 
enough,  efpecially  if  the  experiments  be  made  with  lar- 
ger pendulous  bodies,  and  more  fwiftly  moved* 

Laftly,  fince  it  is  the  opinion  of  fome,  that  there  it 
I  |P.crtain  aetbfre^l  incdium  cztitmely  rare  and  fubtile» 

which 
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which  freely  pervades  the  poref  qf  ^1-  bodies  \  and  from 
iuch  a  meduim  fo  pervf^ding  the  pores  of  bodies,  fome 
refiftance  njuft  needs  arife;  in  order  t»  try  whether  the 
refiftance,  which  we  efpcrience  in. bodies  in  motion, 
be  made  upon  their  putward  fuperficies  onhr,  or  .whe- 
ther their  internal  parts  ipeet  wi^h  ;my  confiderabU  re- 
fiftance upon  their  fuperficiesri  thought  of  the  fol- 
lowing experiment^  I  fufpeqded  a  round  dea}  box  by 
a  thread  1 1  feet  bng,  on  a  fteel  hook  by  means  of  a 
ring  of  the  fame  metals  fa,  as  to  make  a  pendulum  of  the 
aforefaid  length.  The  hook  had  a  (harp  hollow  edge 
on  its  upper  part,  fo  that  the  upper  arc  of  the  ring 
pre(I;i^  on  the  edge  m^gtu  move  the  more  freely :  a^ci 
the.  thread  was  faftenecT  to  the  lower  arc  of  the  ring.; 
The  pendulum  being  thus  prepared)  I  drew  it  afi^e 
ixQVCi  the  perpendicular  to  thediftance  of  about  <^  feer^ 
and  that  in  a.  plat^e  perpendicular  to  the  edge  of  the  hook^ 
left  the  ring,  while  the  pendulum  ofcillated,  (hpuld 
Hide  to  aftd  fro  on  the  edge  qf  the  book :  For  the  peine 
of  fufpenfion,  in  which  the  ring  touches  the  hpok^ 
ought  to  remain  immoveable.  I  therefore  accurately 
noted  the  place»  to  which  the  pendulum  was  bro^ghr^ 
and  letting  it  go,  I  marked  three  other  placeSf^  to  whic^ 
it  returned  at  the  end  of  the  i^>  z\  .and  3^  ofciUatipn^ 
This  I  often  repeated,  that  I  micht  find  thofe  places  as 
accurately  as  poffible.  Then  \  filled  the  bQX  W^  \pA 
and  other  heavy  metals,  that  were  near  at  h^«  Bur 
firft  I  weighed  the  box  when  empty,  and  that  part  of 
the  thread  that  went  round  it^  and  half  the  remaining 
part  extended  between  the  hook  and  the  fufpended  box. 
For  the  thread  fo  extendeji  alwws  afts  upon  the  pen* 
dulu9)>  when  drs^wnafi^^  from  i^eperpenmcukr,. with 
half  its  w^^ht. .  To  t^is  weight  I  added  the  weight  of 
the  air  contained  intheboxr  Apd  this;  whole  wei^ 
was  about  /g  of  the  weight  of  the^ox  when  filled  ?Rr-ith 
the  metals.  Then  becauf?  the  ;^|::When  full  pf^thfi 
metals,  l?y  ei^jt^oding  th^.tltfead  wHh  its  weight,  in^ 
z  ^  "     '       "  creafed 
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creafed  the  length  of  the  pendulum,  I  ftiortened  the 
thread  fo  as  to  make  the  length  of  the  penduturo,  when 
olcillating,  the  fame  as  before.  Then  dra^in^  afide  the 
pendulum  to  the  place  firft  marked^  atid  lettmg  it  go» 
I  reckoned  about  77  ofcillations,  before  the  box  re^ 
turned  to  the  fecond  mark>  and  as  many  afterwards  be- 
fore it  came  to  the  third  mark,  and  as  many  after  thati 
before  it  came  to  the  fourth  mark.  From  whence  I 
conclude  that  the  whole  refiftance  of  the  box,  when 
MX,  had  not  a  greater  proportion  to  the  refiftance  of 
the  box,  when  empty,  than  78  to  77.  For  if  their  re- 
finances were  equal,  the  box,  when  full,  by  reafon  of 
its  vis  infit4»  which  was  78  times  greater  than  the  vis 
injita  of  the  fame  when  empty,  ought  to  have  conti- 
nued its  ofcillating  motion  fo  much  the  longer,  and 
therefore  to  have  returned  to  thofe  marks  at  the  end  of 
78  ofcillations.  But  it  returned  to  them  at  the  end  of 
77  ofcillations. 

Let  therefore  A  reprefent  the  refiflance  of  the  box 
upon  its  external  fuperficies,  and  B  the  reiiflance  of  the 
empty  box  on  its  internal  fuperficies  5  and  if  the  re* 
fiftances  to  the  internal  parts  of  bodies  equally  fwift  be 
as  the  matter,  or  the  number  of  particles  tnat  are  re- 
filled :  then  78^  will  be  the  refiflance  made  to  the  in- 
ternal parts  of  the  box,  when  full ;  and  therefore  the 
whole  refiflance  A-j-B  of  the  empty  box  will  be  to 
the  whole  refiflance  A  +  78B  of  the  full  box  as  77  to 
78,  and,  by  divifion,  A  -|-  B  to  77B,  as  77  to.  i,  and 
thence  A-|--B  to  B  as  77x77  to  i,  and,  by  divifion 
again,  A  to  B  as  5928  to  1.  Therefore  the  refiflance 
of  the  empty  box  in  its  internal  parts  will  be  above 
5000  times  lefs  than  the  refiflance  on  its  external  fuper- 
ficies. This  reafoning  depends  upon  the  fuppofitioa 
that  the  greater  refifhnce  ot  the  full  box  arifes,  not  from 
any  other  latent  caufe,  but  only  from  the  action  of 
fome  fubtile  fluid  upon  the  included  metal. 

This 
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This  experiment  is  related  b^  memorvy  the  paper^ 
being  loft,  in  which  I  had  defcribed  it;  to  that  I  have 
been  obliged  to  omit  ibme  fradional  parts,  which  are 
ilipt  out  of  my  memory.    And  I  have  no  leifure  to 
try  it  again.    The  firft  time  1   made  it,  the  hoolc 
being  weak ,  the  full  box  was  retarded  fooner.    The 
caufe  I  found  to  be,  that  the  hook  was  not  ftrong  enough 
to  bear  the  weight  of  the  box  ;  fo  that  as  it  ofcillated 
to  and  fro,  the  hook  was  bent  fometimes  this  andfome* 
times  that  way.    I  therefore  procured  a  hook  of  fuffi. 
cient  ftrength,  fo  that  the  point  of  fu(jpenfion  might 
remain  unmoved,  and  then  all  things  happened  a^  is 
above  defcribed. 


SEC- 
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SECTION    vir. 

Of  the  motion  of  fluids  and  the  refif" 
tance  made  to  projeBed  bodies. 

Proposition  XXXII.  Theorem  XXVI. 

Suppofe  two  Jimil^r  jyjiems  of  bodies  confifiing 
of  an  equal  number  of  particles y  and  let  the 
correfpondent  particles  be  fimilar  and  propOr- 
tionaly  each  in  onefyjlem  to  each  in  the  other, 
and  have  a  like  fituation  among  themfelvesy 
and  the  fame  given  ratio  of  denfity  to  each 
other  J  and  let  them  begin  to  move  among 
themfelves  in  proportional  times ,  and  wim 
like  motions,  {that  is,  thofe  in  one  fyflem 
among  one  another,  and  thoft  in  the  other 
among  one  another.)  And  if  the  particles 
that  are  in  the  fame  fyflem  do  not  touch  one 
another,  except  in  the  moments  of  reflexion  ; 
nor  attract,  nor  repel  each  other,  except  with 
aecelerative  forces  that  areas  the  diameters 
of  the  correfpondent  particles  immfely,  and 
the  fquares  of  the  velocities  dire^ly :  I  fay, 
that  the  particles  of  thofe  fyflems  will  con- 
tinue to  move  among  themfelves  with  like 
motions  and  in  proportional  times. 

Like  bodies  in  like  fituations  are  faid  to  be  moved 

^S^Z  themfelv^  with  like  motions  and  in  proportional 

^'         w       .-  --  times. 
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times,  when  their  fituations  at  the  end  of  thofe  times 
are  always  found  alike  in  refpeft  of  each  other :  as  fup- 
pofe  wc  compare  the  particles  in  one  fyftem  with  the 
correfpondent  particles  in  the  other.  Hence  the  times 
will  be  proportional,  in  which  fimilar  and  proportional 
parts  of  fimilar  figures  will  be  defcribed  by  correfpon- 
dent particles.  Therefore  if  we  fuppofe  two  fyltems 
of  this  kind,  the  correfpondent  particles,  by  reafon  of 
the  fimilitude  of  the  morions  at  their  beginning,  will 
continue  to  be  moved  with  like  motions,  fo  long  as 
they  move  without  meeting  one  another.  For  if  they 
are  afted  on  by  no  forces,  they  will  go  on  uniformly  in 
right  lines  by  the  i^law.  But  if  they  do  agitate  one 
another,  with  fome  certain  forces,  and  thofe  forces  are 
as  the  diameters  of  the  correfpondent  particles  inverfely 
and  the  fquares  of  the  velocities  diredly  ;  then  becaufe 
the  particles  are  in  like  fituations,  and  their  forces  are 
proportional,  the  whole  forces  with  which  correfpon- 
dent particles  are  agitated,  and  which  are  compounded 
of  each  of  the  agitating  forces,  (by  Corol.  2.  of  the 
Laws)  will  have  like  direftions,  and  have  the  fame  ef- 
feft  as  if  they  refpefted  centres  placed  alike  among  the 
particles;  and  thofe  whole  forces  will  be  to  each  other 
as  the  feveral  forces  which  compofe  them,  that  is,  as 
the  diameters  of  the  correfpondent  particles  inverfely5 
and  the  fquares  of  the  velocities  diredly :  and  there- 
fore will  caufe  correfpondent  particles  to  continue  to  de- 
fcribe  like  ^gures.  Thefe  things  will  be  fo  (by  Cor.  i 
and  8.  Prop. 4.  Book  i.)  if  thofe  centres  are  at  reft. 
But  if  they  are  moved,  yet  by  reafon  of  the  fimilitude 
of  the  tranflations,  their  fituations  among  the  particles 
of  the  fyftem  will  remain  fimilar ;  fo  that  the  changes 
introduced  into  the  figures  defcribed  by  the  particles  will 
ftill  be  fimilar.  So  that  the  motions  of  correfpondent 
and  fimilar  particles  will  continue  fimilar  till  their  firft 
meeting  with  feach  other  ;  and  thetice  will  arjfc  fimilar 
coUifions,  and  fimilar  reflexions  j  which  will  again  beget 

fimilar 
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fiinilar  motions  of  the  particles  among  themfelves  (by 
what  was  juft  now  (hewn)  till  they  mutually  k\\  up* 
on  one  another  again^  and  (6  on  ad  infimtum. 

Cor.  I.  Hence  if  any  two  bodies,  which  are  fimi- 
lar  and  in  like  fituations  to  the  correfpondent  particles 
of  the  fyftem$>  begin  to  move  dmongft  them  in  Uke 
manner  and  in  proportional  times,  and  their  m^nitudes 
and  denfities  be  to.  each  other  as  the  magnitudes  and 
dcnfities  of  the  correfponding  particles :  thefe  bodies 
will  continue  to  be  moved  in  hke  manner  and  in  pro- 
portional times.  For  the  cafe  of  the  greater  parts  of 
both  fy Aems  and  of  the  particles  is  the  very  fame. 

Cor.  2.  And  if  all  the  fimilar  and  fimilarly  fituated 
parts  of  both  fyflems  be  at  reft  among  themfelves  :  and 
two  of  them,  which  are  greater  than  the  reft,  and  mu-' 
tually  corre^ndent  in  both  fyftems,  bfgin  to  move  in 
lines  alike  pofited»  with  any  fimilar  motion  whatfoever; 
they  will  excite  fimilar  motions  in  the  reft  of  the  parts 
of  the  fyftems,  and  will  continue  to  move  among  thofe 
parts  in  like  manner  and  in  proportional  times ;  and  will 
therefore  defcribe  fpaces  proportional  to  their  diame^ 
lers. 

Proposition  XXXIIL  Theorem  XX yH-' 

The  fame  things  being  fuppojedy  I  fajrthafthe 
greater  parts  of  the  fyfterns  are  rejijied  in  d 
ratio  compounded  of  the  duplicate  ratio  of 
their  velocities^  and  the  duplicate  ratio  of  thetr 
diameter Sy  and  the  Jtmple  ratio  ofthf  denjity 
ojthe  partsofthe  fjftems^  , 

For  the  reCftance  arifes  partly  from  the  centripetal  or 
centrifugal  forces  with  which  the  particles  of  the  fyftem 
mutually  aft  on  each  other,  partly  from  the  coUifions 
and  reflexions  of  the  particles  and  the  greater  parts. 

yoL.  II.  I  Th§ 
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The  redftances  of  the  firft  kind  are  to  each  other  as 
the  whole  motive  forces  from  which  they  arife,  that  is, 
as  the  whole  accelerative  forces  and  the  quantities  of 
xtiatter  in  correfponding  parts ;  that  is,  (by  the  fuppo- 
iition)  as  the  iquares  of  the  velocities  dire^ly,  and  the 
diftances  of  the  correfponding  particles  inverfely,  and 
the  quantities  of  naacter  in  the  correfpondent  parts  di^ 
redly :  and  therefore  (ince  the  dtftances  of  the  particles 
in  one  fyftcm  are  to  the  correfpondent  diftances  of  the 
particles  of  tbeothen  as  the  diameiter  of  one  panicle  or 
part  in  the  former  fyftem  to  the  diameter  of  the  cor- 
refpondent particle  or  part  in  the  other,  and  fince  the 
quantities  of  matter  are  as  the  denfities  of  the  parts  and 
the  cubes  of  the  diameters ;  the  refiftances  are  to  each 
other  as  the  fqiMres  of  the  velocities  and  the  fauares  of 
the  diameters  and  the  denfities  of  the  parts  ot  the  fy* 
Aems.  Q^E.  D.  The  refiftances  of  the  latter  fort  are 
as  the  number  of  correfpondent  reflexions  and  the  forces 
of  thofe  reflexions  conjunftly.  But  the  number  of  the 
reflexions  are  to  each  other  as  the  velocities  of  the  cor^ 
refponding  parts  diredly  and  the  fpaces  between  their 
reflexions  inverfely.  And  the  forces  of  the  reflexions 
are  as  the  velocities  and  the  magnitudes  and  the  denfi- 
ties of  the  correfponding  parts  conjundly ;  that  is,  as 
the  velocities  andf  the  cubes  of  the  diameters  and  the 
denfities  of  the  parts.  And  joining  all  thefe  ratio's* 
the  refiftances  of  the  correfponding  parts  are  to  each 
other  as  the  fquares  of  the  velocities  and  the  fquares  of 
the  diameters  and  the  denfities  of  the  parts  conjundly. 
j^E.D. 

CoR.  I.  T^herefore  if  thoie  fyftems  are  two  elaftic 
fluids,  like  our  air>  and  their  parts  are  at  reft  among 
themfelyes;  and  two  fimilar  boaies  proportional  in  mag- 
nitude and  denfity  to  the  parts  of  the  fluids  and  fimi- 
larly  fituated  among  thofe  partSi  be  any  how  projeded 
in  the  diredion  of  lines  fimilarly  pofited  ;  and  the  ac* 
cclerativc  forces  with  which  the  particles  of  the  fluids 
-    -  ^  amtually 
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niueufitly  a^  vpoa  each  other,  are  as  the  diamttersoC 
the  bcaics  projcfted  inverfely  and  the  fquares  of  their 
velociries  diredly :  chofe  bodies  will  excite  (imilar  mo* 
tions  in  the  fluids  in  {ypportional  times,  and  wiU  de-r 
tribe  fimiiar  fpaccs  andjjtoportiona!  to  their  diameters^ 
Cor.  2.  Therefore  in  the  (ame  fluid  a  projefted  bo- 
dy that  moves  fwiftly  meets  with  a  refiftance  that  is 
in  tiffi  duplicate  ratio  of  its  velocity,  nearly.     For  if 
d^  forces,  with  which  diftant  particles  aft  mutually  up* 
on  one  ai^otber,  (hould  be  augmented  in  the  duplicate 
iitio  of  the  velocity,  the  projeded  body  would  be  re* 
filled  in  the  fame  duplicate  ratio  accurately ;  and  there*** 
&re  in  a  medium,  whofe  parts  when  at  a  diftance  do 
not  ad  mutually  with  any  force  on  one  another,  the 
jtdftance  is  in  the  duplicate  ratio  of  the  velocity  accu« 
ittdv.    Let  there  be  therefore  three  mediums  y/,  ff,  C, 
coDuftiflg  of  fimilar  and  equal  parts  regularly  difpofed 
at  equal  diftances.    Let  the  pares  of  the  mediums  A 
and  B  recede  from  each  other  with  forces  that  are  among 
thcmlelves  as  7*  and  Vi  and  let  the  parts  of  the  medium 
C  be  entirely  dcftitute  of  any  fuch  forces.    And  if  four 
quai  bodies  2),  £,  F,  G  move  in  thcfe  mediums,  the 
two  firft  D  and  E  in  the  two  firft  A  and  5,  and  the 
other  two  F  and  (r  in  the  third  C;  and  if  the  velocity 
of  the  body  D  be  to  the  velocity  of  the  body  £,  and 
the  velocity  of  the  body  F  to  the  velocity  of  the  body 
6  in  ^e  fubdupUcate  ratio  of  the  force  7*  to  the  forci^ 
Vi^  rcfiftance  of  thp^)ody  D  to  the  refiftance  of  the 
body£,  and  the  reflltance  of  the  body  F  to  the  refi& 
tance  of  the  body  Q  will  be  in  the  duplicate  ratio  of  tht 
vdociues  5  and  therefore  the  refiftance  of  the  body  D 
will  be  to  the  rcfiftance  of  the  body  -F,  as  the  refiftance 
of  the  body  £  to  the  refiftance  of  the  body  G.    Lee 
the  bodies  D  and  F  be  equally  fwikPt,  as  alfo  the  bodies 
£  and  6,*  and  augmenting  die  velocities  of  the  bodies 
Dand  Fin  any  ratio,  and  diminiftiing  the  forces  of  the 
particles  of  the  medium  B  ux  the  duplicate  of  the  fanat 
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ratio,  the  medium  B  will  approach  to  the  form  and 
condition  of  the  medium  C  at  pleafure ;  and  therefore 
the  refiftances  of  the  equal  and  equailly  fwift  bodies  E 
tnd  G  in  thefe  mediums  will  .^rpctually  approach  to 
equality,  fo  that  their  difFeftnc^  will  at  lall  become 
lefs  than  any  given.  Therefore^rpce  the  refiftances  of 
the  bodies  D  and  i^are  to  each  other  as  the  refiftances 
of  the  bodies  E  and  6,  thofe  will  alfo  in  like  manner 
approach  to  the  ratio  of  equality.  Therefore  the  bodies 
D  and  -F,  when  they  move  with  very  great  fwiftncfe, 
meet  with  refiftances  very  nearly  equal ;  and  therefore 
fince  the  refiftance  of  the  body  F  is  in  a  duplicate  ratio 
of  the  velocity,  the  refiftance  of  the  body  D  will  be 
nearly  in  the  fame  ratio. 

CoR.  ^.  The  refiftance  of  abody  movingvery  fwifc 
in  an  elaftic  fluid  is  almoft  the  fame  as  if  the  parts 
of  the  fluid  were  deftitute  of  their  centrifugal  forces, 
and  did  not  fly  from  each  other :  if  Co  be  that  the  elaf- 
ticity  of  the  fluid  arifc  from  the  centrifugal  forces  of 
the  particles,  and  the  velocity  be  fo  great  as  not  to  al- 
low the  particles  time  enough  to  ad. 

CcR.  4.  Therefore  fince  the  refiftances  of  fimilar 
and  equally  fwift  bodies,  in  a  medium  whofe  diftant 
parts  do  not  fly  from  each  other,  are  as  the  fquares  of 
the  diameters  j  the  refiftances  made  to  bodies  moving 
with  very  great  and  equal  velocities  in  an  elaftic  fluid, 
will  be  as  the  fquares  of  the  diameters,  nearly. 

Cor.  f^  And  fince  fimilar,  equal,  and  equally  fwift 
bodies,  moving  thro'  mediums  of  the  fame  denfity, 
whofe  particles  do  not  fly  from  each  other  mutually, 
will  ftrike  againft  an  equal  quantity  of  matter  in  equal 
times,  whether  the  particles  of  which  the  medium  con- 
lifts  be  more  and  fmaller,  or  fewer  and  greater,  and 
therefore  imprefs  on  that  matter  an  equal  quantity  of 
motion,  and  m  return  (by  the  ?^  law  of  motion)  fuf- 
fer  an  equal  re-a<9:ion  from  the  fame,  that  is,  are  equal-. 
ly  reiiftcd:  it  is  manifeft  alfo^  that  in  elaftic  fluids  of 

^      "  the 
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the  fame  denfity,  when  the  bodies  move  with  extreme 
fwiftnefs,  their  refiftances  are  nearly  equal;  whether 
the  fluids  confift  of  grofe  parts,  or  of  parts  never  fo 
fubtile.  For  the  refiltancc  of  projeftiles  moving  with 
exceeding  great  celerities,  is  not  much  diaiiniflied  by 
the  fubtihy  of  the  medium. 

Cor.  <S.  All  thefe  things  are  fo  in  fluids,  whofe 
claftic  force  takes  its  rife  from  the  centrifugal  forc^  of 
tlic  particles*  But  if  that  force  arife  from  fome  other 
caufe,  as  from  the:  expanfion  of  the  particles  after  the 
manner  of  wool,  or  the  boughs  of  trees,  or  any  other 
caufc,  by  which  the  panicles  are  hindered  from  moving 
freely  among  themfeives ;  the  refiftance,  by  reafon  of 
the  leffer  fluidity  of  the  medium,  will  be  greater  than 
in  the  coroUaries  above. 

Proposition  XXXIV.TheoremXXVIII. 

If  in  a  raremediumy  eonjijiing  of  equal  particles 
freely  difpofed  at  equal  diffances  from  each 
other ^  a  globe  and  a  cylinder  defcribed  on 
equal  diameters  move  with  equal  veloci* 
tiesy  in  the  direction  "of  the  axis  of  the  cy* 
Under:  the  refiftance  oj  the  globe  will  be  but 
half  fo  great  as  that  of  the  cylinder. 

For  fince  the  adioii  of  the  medium  upon  the  body 
is  the  fame  (by  Cor.  5.  of  the  laws)  whether  the  bo- 
dy move  in  a  quiefcenc  medium,  or  whether  the  par- 
ticles of  the  medium  impinge  with  the  fame  velocity 
upon  the  quiefcent  body  :  let  us  confider  the  body  as 
it  it  were  quiefcent,  and  fee  with  what  force  it  would 
be  impelled  by  the  moving  medium.  Let  therefore 
ABKJ  (PL  6.  Fig.  2.>  reprefent  a  fphxrical  body  de* 
fcribed  from  the  centre  C  with  the  femidiameter  Cyf» 
and  let  the  particles  of  the  medium  impinge  with  a  gi- 

I  3  y«» 
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ren  velocity  upon  that  fphsrical  body,  in  the  diredions 
of  right  lines  parallel  to  AC\  and  let  Ffl  be  one  of 
thofe  right  lines.    In  FB  take  LB  equal  to  the  femi* 
diameter  CB^  and  draw  BD  touching  the  fphere  in  B. 
JJpon  KC  and  BD  let  fall  the  perpendiculars  BEyLD^ 
and  the  force  with  which  a  particle  of  the  medium^  im-^ 
pinging  on  the  globe  obliquely  in  the  dire&ion  FB^ 
would  ftrike  the  globe  in  5,  will  be  to  the  force  with 
which  the  fame  particle,  meeting  the  cylinder  ONQ  O 
defcribed  about  the  globe  with  the  axis  ACI^  wouU 
Arike  it  perpendicularly  in  ^,  as  LD  to  JLA  or  BE  t^ 
B  C.    Again,  the  efficacy  of  this  force  to  move  the 
globe  according  to  the  dire(9-ion  of  its  incidence  FB 
€x  ACy  is  to  the  efficacy  of  the  fame  to  move  the 
globe  according  to  the  diredion  of  its  determina- 
tion, that  is,  in  the  diredion  of  the  right  line  BCin 
which  it  impels  the  plobe  diredly,   as  BE  to  BC. 
And  }oining  thefe  ratio's  the  efficacy  of  a  particle, 
falling  upon  the  globe  obliquely  in  the  diredion  of 
the  right  line  FBy  to  move  the  globe  in  the  diredion 
of  its  incidence,  is  to  the  efficacy  of  the  fame  particle 
falling  in  the  fame  line  perpendicularly  on  the  cylinder,  ' 
tomoveit  in  thefame  airedion,asB£*  toBC*.  There- 
fore if  in  bE,  ^hich  is  perpendicular  to  the  circular 
bafe  of  the  cylinder  NAO,  and  equal  to  the  Radius 

BE* 
AC,  we  take  ^-H"  equal  to  — —••  then  bH  will  be  to 

CB 

bE  zs  the  effed  of  the  particle  upon  the  globe  to  the 

cffed  of  the  particle  upon  the  cylinder.    And  there* 

fore  the  folid  which  is  fcDrmed  by  all  the  right  lines  ^jtf 

will  be  to  the  folid  formed  by  all  the  right  lines  ^£  as 

theefFeft  of  all  the  particles  upon  the  globe  to  the  ef* 

fed  of  all  the  particles  upon  the  cylinder.     But  the 

former  of  the(e  folids  is  a  paraboloid  whofe  vertex  1$ 

C   its  axis  CA  and  latus  redum  CAi   and   the  \n^ 

tcr  folid  is  a  cylinder  circumfcribing  the  paraboloid  t 
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and  it  is  known  that  a  paraboloid  is  half  its  circum* 
fcribed  cylinder.  Therefore  the  whole  force  of  the 
medium  upon  the  globe  is  half  of  the  entire  force  of 
the  fame  upon  the  cylinder.  And  therefore  if  the  par- 
ticles of  the  medium  are  at  reft>  and  the  cylinder  and 
globe  move  with  equal  velocities,  the  refiftance  of  the 
globe  will  behalf  the  refiftance  of  the  cylinder.  O.  E.Di 

Scholium. 

By  the  fame  method  other  figures  may  be  compared  to* 
gecher  as  to  their  refiftance ;  and  thofe  may  be  found 
which  aremoft  apt  to  continue  their  motions  in  rejfifting 
mediums.  As  if  upon  the  circular  bafe  CEBH  {PL  6. 
Fig.  J.)  from  the  centre  O,  with  the  radius  OC^  and 
the  altitude  ODy  one  would  conftruft  a  fruftum  CBGF 
of  a  cone,  which  fliould  meet  with  lefs  refiftance  than 
any  other  fruftum  conftrufted  with  the  fame  bafe  and 
altitude,  and  going  forwards  towards  D  in  the  direftion 
of  its  axis  :  bi&d  the  altitude  OD  in  ^,  and  produce 
OQ^toS,  (o  that  OS  may  be  equal  to  QC^  and  S  will 
be  the  vertex  of  thFcone  whofe  fruftum  is  fought. 

Whence  by  the  bye,  fince  the  angle  CSB  is  alway$ 
acute,  it  follows,  that  if  the  folid  u4D  B  E  (PL  6.  Fig.  ^,) 
be  generated  by  the  convolution  of  an  elliptical  or  oval 
^%\xrtADBE  about  its  axe  -<f  5,  and  the  generating 
figure  be  touched  by  three  right  lines  FG,  GHy  HI  in 
the  points  F,  B,  and  /,  fo  that  GH  (hall  be  perpendi- 
cular to  the  axe  in  the  point  of  coniaft  5,  and  FG^  HI 
may  be  inclined  to  GH'xvi  the  angles  FGB^  BHI  of 
155  degrees ;  the  folid  arifing  from  the  convolution  oi 
the  figure  ADFGHIE  about  the  fame  axe  AB^  will 
W  lefs  refifted  than  the  former  folid ;  if  fo  be  that  both 
move  forward  in  the  direftion  of  their  axe  A  By  and 
that  the  extremity  B  of  each  go  foremoft.  Which 
propofition  I  conceive  may  be  of  wfc  in  the  building  of 
ihips. 

1 4  Sf 
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If  the  figure  D  NFG  be  fuch  a  curve,  that  if  from  any 
point  thereof  as  N  the  perpendicular  iVTJ/be  let  fell  otk 
the  axe  ^^9  and  fromthe  given  point  G  there  be  drainrn 
the  right  line  GR  parallel  to  a  right  line  touching  tiie 
figure  in  N^  and  cutting  the  axe  produced  in  iC,  MJSI 
becomes  to  G^  as  GiJ^  to  ^BKxGB^  \  the  folid  dc- 
fcribed  by  the  revolution  of  this  figure  about  its  axe 
AB'i  moving  in  thebeforementioned  rare  medium  from 
A  towards  B,  will  be  Icfs  refitted  than  any  other  circular 
folid  whatfoever,  defcribed  of  the  fame  length  and  breadths 

ne  demonjiration  of  thefe  curious  Theorems  being  omitted  hy  the 
author y  the  anal^s  thereof ,  c6mmuTUcated  bj  a  friend,  is 
added  at  the  end  of  this  volume. 

Proposition  XXXV.     Problem  VII. 

Jf  a  rare  medium  confijl  of  <uery  fmall  quiefcent 
,  particles  of  equal  magnitudes  and  jreely.  dif- 
,  pofed  at  equal  dijlances  from  one  another :  to 

find  the  rejijiance  of  a  globe  moving  uniform^ 

ly  forwards  in  this  medium. 

Case  i.  Let  a  cylinder  defcribed  with  the  fime  di- 
ameter and  altitude  be  conceived  to  go  forward  with 
the  fame  velocity  in  the  diredion  of  its  axis,  thro'  the 
fame  medium.  And  let  us  fuppofe  that  the  particles  of 
the  me4inm,  on  which  thek  globe  or  cylinder  falls,  fly 
back  with  as  great  a^  force  of  reflexion  aspoffible.  Thea 
fince  the  refiftance  of  the  globe  (by  the  laft  Propofi- 
tion)  is  but  half  the  refiitance  of  the  cylinder,  and 
fince  the  globe  is  to  the  cylinder  as  2  to  5,  and  fince 
the  cylinder  by  falling  perpendicularly  on  the  partides^ 
and  refle^ing  them  with  the  utmofl  force  communi- 
cates to  them  a  velocity  double  to  its  own :  it  follows 
that  the  cylinder,  in  moving  forward  uniformly  half 
the  length  of  its  axisj^  will  communicate  a  n^ption  to  the 
particles,  which  is  to  the  whole  motion  of  the  cylindei: 

as 
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as  the  ^entity  of  the  iBGdiom  to  the  denfitv  of  the  cy- 
linder ;  and  that  the  globes  in  the  time  it  de&ribes  one 
length  of  its  diameter  iti  moving  uniformly  forwards, 
will  communicate  the  £ime  motion  to  the  particles ; 
tnd  in  the  time  that  it  defcribes  two  thirds  of  its  dia- 
meter, will  communicate  a  motion  to  the  particles,  which 
is  to  the  whole  motion  of  the  globe  as  the  denfity  of 
the  medium  to  the  denffty  of  the  gk>be.    And  there-: 
fore  the  globe  meets  with  a  re(Jftance,  which  is  to  th^ 
force  by  which  its  whole  motion  may  be  either  taken 
away  or  generated  in  the  time  in  which  it  defcribes  two 
thirds  of  its  diameter  moving  uniformly  forwards,  as 
the.denfity  of  the  medium  to  the  deniity  of  the  globe* 
Case  z.  Let  us  fuppofe  that  the  particles  of  the  me- 
dium incident  on  the  ^lobe  or  cylinder  are  not  reflcft- 
ed ;  and  then  the  cylmder  falling  perpendicularly  oa 
the  particles  will  communicate: its  own  Hmple  velocity 
to  them,  and  therefore  meets  a  refiftance  but  half  fa 
great  as  in  the  former  cafe,  and  the  globe  aHb  meet$ 
with  a  refiftance  but  half  fo  great* 

Case  5.  Let  us  fuppofe  the  particles  of  the  medium 
to  fly  back  from  the  gbl^  with  a  force  which  is  nei- 
ther the  greateft  nor  yet  none  at  all,  but  with  a  certain 
mean  force ;  then  the  refiftance  of  the  globe  will  be  in 
the  fame  mean  ratio  between  the  refiftance  in  the  firft 
cafe  and  the  refiftance  in  the  fecond.     O^E.I. 

CoR.  I*  ;Hence  if  the  globe  and  the  particles  are  in* 
finitely  hard,  and  deftitute  of  all  elaftic  force,  and  there* 
fore  of  aH  force  of  reflexion  1  the  refiftance  ot  the  globe 
will  be  to  the  force  by  which  its  whole  motion  may  be 
deftroyed  or  generated,  in  the  time  that  the  globe  de«- 
fcribes  four  third  parts  of  its  diameter,  asthedenfity  of 
the  medium  to  the  denfity  of  the  globe.  - 

CoR,  2.  The  refiftance  of  the  globe,  ceteris  paribus^ 
is  in  the  duplicate  ratio  of  the  velocity/ 

CoR»  X.  The  refiftance  of  the  globe,  C4icris  paribus, 
is  in  the  duplicate  ratio  of  the  diameter. 

CoR» 
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.   Cor.  4.  The  refiftaoce  of  the  globe  t5>ccrirAf^^cr»jiKfi 
as  the  denfity  of  the  medium. 

Cor.  5.  The  refiftaoce  of  the  riobe  b  ki  a  ratio 
compounded  of  ihe  duplicate  ratio  of  the  Yebcity>  and 
;he  duplicate  ratio  of  the  diameter^  and  the  ratio  of  cfae 
denfity  of  the  medium. 

CoR.  6.  The  motion  of  the  globe  and  its  refiftance 
nay  be  thus  expounded.  Let  jiB  (PL  7.  J/>.  1.) 
be  the  time  in  which  the  g^obe  may^  by  its  rcfmmce 
uniformly  continued^  tofe  its  whole  motion.  £red 
^D,  B  C  perpendicular  toAB.  .  Let  J8  C  be  that  whole 
SDotionj  and  thro*  the  point  C9  the  afymptotes  being 
jIDj  a  By  dcfcribe  the  hyperbola  CF.  Produce  AB 
to  any  point  £•  Ered  the  pemndicular  EP  meeting 
the  hyperbola  in  F.  Compleat  theptrallebgram  CBEGt 
and  ara^  AF  meeting  BCmH.  Then  if  the  globe 
in  any  time  BEy  with  its  firft  motion  SC  uniformly 
continiiedy  defcribes  in  a  non^-refifting  medium  the  fpace 
CBEG  expounded  by  the  area  of  the  paraHelogramt 
the  fame  in  a  refifting  mredium  will  defcnbe  the  fpace 
CBEF  expounded  by  the  area^  of  the  hyperbola;  and 
its  motion  at  the  encl  of  that  time  will  be  expounded 
by  E  F  the  ordinate  of  the  hyperbola  ;  there  being  loft 
of  its  motion  the  part  FG.  And  its  refiflance  at  the 
end  of  the  fame  time  will  be  expounded  by  the  length 
BH'y  there  being  loft  of  its  rcfiffance  the  part  CH. 
All  thefe  things  appear  by  Cor.  i  and  5.  Prop.  5. 
Book  z. 

C0R.7.  Hence  if  the  gtebe  in  thetinoe  T  by  the 
refiftance  R  imiformly  continued^  lofe  its  whole  mo- 
tion M :  the  faoie  globe  in  the  time  /  in  a  refifting  me* 
dium>  wherein  the  refiftance  B.  decreafes  in  a  duplicate 
ratio  of  the  velocity,  will  lofe  out  of  its  motion  M 

*e  part  — -j — ,  the  part  ;■  remammgj  and  will 

dcfeibc  a  fpace  which  is  to  the  Ipace  defcribed  in  the 
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fame  time,^  with  the  uniform  motion  M»  as  the  loga* 

^thm  of  the  number  ■     '  -  multiplied  by  the  number 

2,501^850925^4  is  to  the  number— ,  becaufe   the 

hyperbolic  area  BCFE  is  to  the  reftangle  BCGE  in 
that  proportion. 

Scholium* 

I  have  exhibited  in  this  Propofition  the  refiftanc^ 
and  retardation  of  fphsrical  projedliles  in  niediums  that 
are  not  continued,  and  ihewn  that  this  refiftance  is  to 
the  force  by  which  the  whole  motion  of  the  globe 
may  be  deftroy ed  or  produced  in  the  time  in  which  tho 
globe  can  defcribe  two  thirds  of  its  diameter^  with  a 
velocity  uniformly  continued,  as  the  denfity  of  th^ 
medium  co  the  denfity  of  the  gIobe»  if  fo  be  the  globe 
and  the  particles  of  the  medium  be  perfectly  daflicj* 
and  are  indued  with  the  utmoil  force  of  reflexion  t  an4x 
that  this  force*  where  the  globe  and  particles  of  the 
medium  are  infinitely  h^d  and  void  0/  any  refleding 
force*  is  diminifhed  one  half  But  in  continued  me^ 
diums*  as  water*  hot  oil*  and  quickfilver,  the  globe 
as  it  paifes  thro  them  does  not  immediately  .ftrike  againfl 
all  the  particles  of  the  fluid  that  generate  the  redftancb 
made  to  it*  but  preifes  only  the  particles  that  lie  nex| 
to  it,  which  prefs  the  particles  beyond*  which  pre(^ 
other  particles*  and  fo  oq;  and  in  thefe  mediums  there* 
fiftanceis  diminifhed  one  other  half»  A  ebbe  in  thefe 
exrrencely  fluid  mediums  meets  with  a  rehflance  that  i$ 
to  the  force  by  which  its  whole  motion  may  be  de** 
flroyed  or  generated  in  the  time  wherein  it  can  defcribe^ 
with  that  motion  uniformly  continued,  eight  third 
parts  of  its  diameter,  as  the  denfity  of  the  medium  to 
the  denfity  oftheglobe#  This  I  fh^l  endeaVour  to 
ficw  in  what  follows.  P^£r 
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Proposition  XXX VL     Problem  VHf. 

To  define  the  motion  of  fwater  running  out  of 
a  cylindrical  'vejjel  thro  a  hole  made  at 
the  bottom. 

Let  jiCDB  (PL  7.  Fig.  i.)  be  a  cylindrical  veffel> 
jiB  the  mouth  of  it,  CD  the  bottom  parallel  to  the 
horizon*  EF  ^  circular  hole  in  the  middle  of  the  bot- 
tom, G  the  centre  of  the  hole,  and  GH  the  axis  of 
the  cylinder  perpendiciilar  to  the  horizon.  And  fup- 
pofe  a  cylinder  of  ice  J  FOB  to  be  of  the  fame  breadth 
with  the  cavity  of  the  veffel,  and  to  have  the  feme  axis, 
and  to  defcend*  perpetually  with  an  uniform  motion, 
and  that  its  parts  as  foon  as  they  touch  the  fuperficies 
jIB  diffolve  into  water,  and  flow  down  by  their  weight 
into  the  veffel,  and  in  their  fall  corapole  the  cataraft 
or  column  of  water  ABNFEM,  palling  thro*  the 
hole  £jF,  and  filling  up  the  fame  exaftlyj.  Let  the 
uniform  velocity  of  the  defcending  ice  and  of  the  con- 
tiguous water  in  the  circle  JB  be  that  which  the  wa» 
ter  would  acquire  by  falling  thro*  the  fpace  IH ;  and 
let  IH  and  HG  lie  in  the  fame  right  line,  and  thro*  the 
point  /  let  th^re  be  drawn  the  right  line  KL  parallel  to 
the  horizon,  and  meeting  the  ice  on  both  the  fides 
thereof  in  K  and  L.  Then  the  velocity  of  the  water 
tunning  out  at  the  hole  E  F  will  be  the  fame  that  it 
would  acquire  by  falling  from  /  thro"  the  fpace  IG. 
Therefore,  by  Galileo* s  Theorems,  IG  will  he  to  I H 
in  the  duplicate  ratio  of  the  velocity  of  the  water  that 
runs  out  at  the  hole  to  the  velocity  of  the  water  in 
the  circle  ^B,  that  is,  in  the  duplicate  ratio  of  the 
circle  AB  to  the  circle  EF ;  thofc  circles  being  reci- 
procally as  the  velocities  of  the  wSfter  which  m  the 
iame  time  and  in  equal  quantities  paifes  feverally  thro* 
z  "   ~ -~         each 
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each  of  them,  and  complcatly  fills  them  both*  Wcare 
now  confidering  the  velocity  with  which  the  water 
tends  to  the  plane  of  the  horizon.  But  the  motion  pa-^ 
rallel  to  the  lame  bv  which  the^  parts  of  the  falling  wa- 
ter approach  to  eacn  other,  b  not  here  taken  notice  of; 
fince  it  is  neither  produced  by  gravity,  nor  at  all 
changes  the  motion  perpendicular  to  the  horizon 
which  the  gravity  produces.  We  fuppofe  indeed  that 
the  parts  of  the  water  cohere  a  little,  that  by  their  co- 
hefion  they  may  in  falling  approach  to  each  other  with 
motions  parallel  to  the  horizon,  in  order  to  forni  one 
(ingle  cataraft,  and  to  prevent  their  being  divided  into 
feveral :  but  the  motion  parallel  to  the  horizon  arifing 
from  this  cohefion  does  not  come  under  our  prefenc 
confideration. 

Case  i.  Conceive  now  the  whole  cavity  in  the  vef- 
fdjwhich  encompafles  the  falling  water  ^iJiVF£iW,  to 
be  full  of  ice,  fo  that  the  water  may  pafs  thro'  the  ice  as 
thro*  a  funnel.  Then  if  the  water  pafs  very  near  to 
the  ice  only>  without  touching  it ;  or,  which  is  the 
fame  thing,  if,  by  reafon  of  the  perfeft  fmoothnefs  of 
the  furface  of  the  ice,  the  water,  tho*  touching  it,  glides 
over  it  with  the  utrtioft  freedom,  and  without  the  leaft 
refiftance  5  the  water  will  run  thro*  the  hole  EF  with 
the  fame  velocity  as  before,  and  the  whole  weight  of 
the  column  of  water  ABNFEM"^'^  be  all  taken  up 
as  before  in  forcing  out  the  wa^er,  and  the  bottom  of 
the  veffel  will  fuftain  the  weight  of  the  ice  encompafling 
that  column. 

Let  now  the  ice  in  the  veffel  diffolve  into  water ;  yet 
.will  the  efflux  of  the  water  remain,  as  to  its  velocity* 
the  fame  as  before.  It  will  not  be  lefs,  tecaufe  the  ice 
now  diffolved  will  endeavour  to  defcend  ;  it  will  not 
be  greater,  becaufe  the  ice  now  become  water  cannot  de- 
fcend without  hindering  the  defcent  of  other  water 
equal  to  its  own  defcent.  The  fame  force  ought  al- 
ways to  generate  the  fame  vebcity  in  the  effluent  water. 

But 
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But  the  hole  at  the  bottom  of  the  vefTdf  by  reafon 
of  the  oblique  motions  of  the  particles  of  the  effluent 
water,  muft  be  a  little  greater  than  before.  For  now 
riie  particles  of  the  water  do  not  all  of  them  pafs  thro* 
the  hole  perpendicularly  ;  but  flowing  down  on  all 
parts  from  the  fides  of  the  veflel,  and  converging  to- 
wards the  hole,  pafs  thro*  it  with  oblique  motions ;  and 
in  tending  downwards  meet  in  a  ftream  whofe  diameter 
IS  a  little  fmaller  below  the  bok  than  at  the  hole  it« 
fclf,  its  diameter  being  to  the  diameter  of  the  hole  as  5 
to  <?>  or  as  5 1  to  <S^,  very  nearly^  if  I  took  the  mea- 
Hires  of  thofe  diameters  right,  I  procured  a  very  thin 
fiat  plate  having  a  hole  pierced  in  the  middle,  the  di^* 
Hieter  of  the  circular  hole  being  J  parts  of  an  inch* 
And  that  the  ftream  of  running  water  might  not  be  ac- 
celerated in  falling,  and  by  that  acceleration  become 
narrower,  I  fixed  this  plate,  not  to  the  bott(»n,  but  t^ 
the  fide  of  the  veffel,  fo  as  to  make  the  water  go  out 
in  the  dired:ion  of  a  line  parallel  to  the  horizon-  Then 
when  the  veffel  was  full  of  water,  I  opened  the  hole  to 
kt  it  run  out  y  and  the  diameter  of  the  ftream,  meafured 
with  great  accuracy  at  the  diftaace  of  about  half  an 
inch  from  the  hole,  was  \^  of  an  inch.  Therefore  the 
diameter  of  this  circular  hole  was  to  the  diameter  of  the 
ftream  very  nearly  as  25  to  2  !•  So  that  tlie  water  in 
pfling  thro*  the  hole,  converges  on  all  fides,  and  after 
it  has  run  out  of  the  veffel,  becomes  fmaller  by  con^ 
verging  in  that  manner,  and  by  becoming  fmaller  is  ac- 
celerated till  it  comes  to  the  diftance  of  half  an  inch 
from  the  hole,  and  at  that  difhnce  flows  in  a  fmaller  ftream 
and  with  greater  celerity  than  in  the  hole  itfelf,  and 
this  in  the  ratioof  25x25  to  21  x  21  or  17  to  12  very 
nearly,  that  is,  in  about  the  fubdupUcate  ratio  of  z  to 
t.  Now  it  is  certain  from  experiments,  that  the 
quantity  of  water,  running  out  in  a  given  lime  thro*  a 
circular  hole  made  in  the  bottom  of  a  veftel  is  caual  to 
the  quantity,  which,  flowing  with  the  aforefaici  velo- 
•     ^  *  city. 
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cicy^  woold  run  6Ut  in  the  fame  time,  thro*  another  cir-^ 
cular  hole,  whofe  diameter  is  to  the  diameter  of  the 
former  as  21  to  2f.  And  therefore  that  running  water 
ki  paffingthro'  the  hole  itfelf  has  a  velocity  downwards 
equal  to  that  which  a  heavy  body  would  acquire  in  fal- 
ling thro'  half  the  height  of  the  ftagnant  water  in  the 
veueli  nearly.  But  then  after  it  has  run  out»  it  is  fiill 
accelerated  by  converging^  till  it  arrives  at  a  diftance 
from  the  hole  that  is  nearly  equal  to  its  diameter,  and 
acquires  a  velocity  greater  than  the  other  in  about  the 
fubduplicate  ratio  ot  2  to  i  ,•  which  velocity  a  heavy  bo- 
dy would  nearly  acquire,  by  falling  thro"  the  whole 
height  of  the  ftagnant  water  in  the  vcffel. 

Therefore  in  what  follows  let  the  diameter  of  the  ftream 
be  reprefented  by  that  leffer  hole  which  we  called  EF. 
And  imagine  another  pknc  VW  above  the  hole  £F, 
(PL  7.  Fig^  3 .)  and  paralld  to  the  plane  thereof , to  be  placed 
at  a  diftance  equal  tothediameter  of  the  fame  hole,  and  to 
be  pierced  thro*  with  a  greater  hole  ST^  of  fuch  a  mag- 
nitude that  a  ftream  which  will  exadly  fill  the  lower  hole 
EF  maypafi  thro"  it;  the  diameter  of  which  hole  will 
therefore  be  to  the  diameter  of  the  lower  hole  as  25  to 
21,  nearly.  By  this  means  the  water  will  run  perpendi- 
cularly out  at  the  lower  hole  i  and  the  quantity  of  the 
water  running  out  will  be^  according  to  the  magnitude  of 
this  laft  hole,  the  fame,  very  neariy,  which  the  folution 
of  the  problem  requires.  The  fpace  included  between  the 
two  planes  and  the  falling  ftream  may  be  confider'd  as 
the  bottom  of  the  vefleK  But  to  make  the  folution 
more  (imple  and  mathematical,  it  is  better  to  take  the 
fewer  plane  alone  for  the  bottom  of  the  veffel,  and  to 
fuppofe  that  the  water  which  flowed  thro'  the  ice  as 
thro'  a  funnel,  and  ran  out  of  the  veffel  thro"  the  hole 
EF  made  in  the  lower  plane,  preferves  its  motion  conti*- 
nually,  and  that  the  ice  continues  at  reft.  Therefore  in 
what  follows  let  ST  be  the  diameter  of  a  circular  hole 
dcfcribed  from  the  centre  Zy  and  let  the  ftream  run  out 
At  9^ 
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of  tijp  veffel  thro'  that  bole  when  the  water  ia  the  vet 
fel  is  all  fluid.  And  let  £-F  be  the  diameter  of  the 
hole  which  the  ftream,  in  falling  thro  >  exadly  fills  up, 
whether  the  water  runs  out  of  the  veflel  by  thtt  upper 
hole  STy  or  flows  thro'  the  middle  of  the  ice  in  the 
yeffeU  as  thro'  a  funnel.  And  let  the  diameter  pf  the 
upper  hole  .sr  be  to  the  diameter  of  the  lower  EF  z% 
about  25  to  2i>  and  let  the  perpendicular  diftance  be- 
tween the  planes  of  the  holes  be  equal  to  the  diameter 
of  the  leffer  hole  E  F^  Then  the  velocity  of  the  water 
downwards  in  running  out  of  the  veffel  thro'  the 
hole  ST^  will  be  in  that  hole  the  fame  that  a  body 
may  acquire  by  falling  from  half  the  height  IZ  :  and 
the  velocity  of  both  the  falling  ftreams  will  be,  in  the 
hole  EFy  the  fame  which  a  body  would  acquire  by  fal- 
ling from  the  whole  height /G. 

Case  z.  If  the  hole  £f  be  not  in  the  middle  of  the 
bottom  of  the  velTel,  but  in  fome  other  part  thereof, 
the  water  will  ttill  run  out  with  th^  fame  velocity  as 
before>  if  the  magnitude  of  the  hole  be  the  fame*.  For 
tiio  an  heavy  body  takes  a  longer  time  in  defcending, 
to  the  fame  depth,  by  an  oblique  line^  than  by  a  per- 
pendicular line  ;  yet  in  both  cafes  it  acquires  in  its 
defcent  the  fame  velocity,  as  Galileo  has  demonftra- 
taJ. 

Case  5.  The  velocity  of  the  water  is  the  fame 
when  it  runs  out  thro*  a  hole  in  the  fide  of  the  vei^ 
feL  For  if  the  hole  be  fmall,  fo  that  the  interval 
between  the  fuperficics  jiB  and  KL  may  vanifti  as 
to  fenfe,  and  tne  fl:ream  of  water  horizontally  iC- 
fuing  out  may  form  a  parabolic  figure  :  from  the 
latus  reftum  of  this  parabola  may  be  colleded,  that 
the  velocity  of  the  effluent  water  is  that  which  a  bo- 
jdy  may  acquire  by  falling  the  height  IG  or  HG  of 
the  ftagnant  water  in  the  veffel.  For  by  making  an 
experiment,  I  found  that  if  the  height  of  the  flag- 
nant  water  above  the  hole  were  zo  inches,  and  the 
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height  of  the  hole  above  a  plane  jparallel  to  the  horizon 
were  alfo  ID  inches,  a  ftream  ot  water  fpringing  out 
from  thence  would  faH  upon  the  plane>  at  the  diitanee 
of  57  inches,  very  nearly,  from  a  perpendicular  let  fall 
upon  that  plane  from  the  hole.  For  without  refiftancc 
the  flream  would  have  fallen  upon  the  plane  at  the  dif* 
tance  of  40  inches^  the  latu$  redum  of  the  parabolic 
ftream  being  80  inches^ 

Case  4.  If  the  effluent  water  tend  upwards,  it  wilt 
toll  iffue  forth  with  the  fame  velocity.  For  the  finall 
ftream  of  water  fpringing  upwards,  afccnds  with  a  per- 
pendicular motion  to  GH  or  G/  the  height  of  theftag-i 
nant  water  in  the  veffel ;  excepting  in  to  far  as  its  af- 
cent  is  hihdered  a  little  by  the  refiftance  of  the  air ;  and 
therefore  it  fprings  out  with  the  iame  velocity  that  it 
would  acquire  in  falling  from  that  height.  Every  par- 
ticle of  the  ftagnant  water  is  equally  prefled  on  all  fides^ 
(by  Prop.  19.  Book  2.)  and  yielding  to  the  preffure, 
tends  all  ways  with  an  equal  force,  whether  it  defcends 
thro*  the  hole  in  the  bottom  of  the  veffel,  or  gulhesouC 
in  an  horizontal  diredion  thro*  an  hole  in  the  fide,  of 
paffes  into  a  canal,  and  fprings  up  from  thence  thro'  a 
little  hole  made  in  the  upper  part  of  the  canal.  And  it 
Jnay  not  only  be  coUcfted  froto  reafoning,  but  is  mani-i 
feft  alfo  from  the  well-known  experiments  juft  men- 
tioned, that  the  velocity  with  which  the  water  runs  out 
is  the  very  fame  that  is  afligned  in  this  Propofition. 

Case  5.  The  velocity  of  the  effluent  water  is  the 
fame,  whether  the  figure  of  the  hole  be  circular,  or 
fquare,  or  triangular;  or  any  other  figure  equal  to  the 
circular:  For  the  velocity  of  the  effluent  water  does 
not  depend  upon  the  figure  of  the  hole>  but  arifes  from 
its  depth  below  the  plane  KL. 

Case  6.  If  the  k)wer  part  of  the  veffel  ABDCht 

immerfed  into  ftaghafit  water,  and  the  height  of  the 

ftagnant  water  above  the  bottom  of  the  veffel  be  C?  ^  $ 

the  velocity  with  which  the  water  that  iS  in  the  veffel 
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and  EFlo  the  fum  of  the  fame  circles,  (by  Cor.  4^) 
and  the  weight  of  the  whole  water  in  the  veffel  is  to . 
the  weight  of  the  whole  water  perpendicularly  incum-^ 
bent  on  the  bottom  as  the  cuc\tAB  to  the  diflFerencc 
of  the  circles  jiB  and£-F.  Therefore,  ex  aqno  /vr- 
turhaih  that  part  of  the  weight  which  preffes  upon  the 
bottom  is  to  the  weight  of  the  whole  water  perpendi- 
cularly incumbent  thereon  as  the  circle  jiB  to  the  fums 
of  the  circles  AB  and  EFj  or  the  cxcefs  of  twice  the 
circle  AB  above  the  bottom. 

Cor.  7.  If  in  the  middle  of  the  hole  EF  there  be 
placed  the  little  circle  iP\^defcribed  about  the  centre 
<?,  and  parallel  to  the  horizon  5  the  weight  of  water 
which  that  little  circle  fuftains  is  greater  than  the  weight 
of  a  third  part  of  a  cylinder  of  water  whofe  bafe  is  that 
little  circle  and  its  height  GH.  For  let  ABNFEM 
(PL  7.  Fig.  4.)  be  the  cataraft  or  column  of  falling  wa- 
ter whofe  axis  is  G/f  as  above,  and  let  all  the  water,, 
whofe  fluidity  is  not  requifite  for  the  ready  and  quick 
defcent  of  the  water,  be  fuppofed  to  be  congealed;  as 
well  round  about  the  cataraft,  as  above  the  little  circle* 
And  let  PHQht  the  column  of  water,  congealed  above 
the  little  circle,  whofe  vertex  is  H^  and  its  altitude 
CH.  And  fuppofe  this  cataraft  to  fall  with  its  whole 
weight  downwards,  and  not  in  the  leaft  to  lie  againfl:  or 
to  prefs  PHQj  but  to  glide  freely  by  it  without  any 
fridion,  unlefs  perhaps  juft  at  the  very  vertex  of  the 
ice  where  the  cataraft  at  the  beginning  of  its  fall  may 
tends  to  a  concave  figure.  And  as  the  congealed  water 
jiMECy  BNFD  lying  round  the  cataraa,  is  convex 
in  its  internal  fuperficies  ^iW£,  BNF  towards  the 
falling  cataraft,  fo  this  column  PNQ^mW  be  convex 
towards  the  catarad  alfo,  and  will  therefore  be  greater 
than  a  cone  whofe  bafe  is  that  little  circle  PO^  and  its 
altitude  GHy  that  is,  greater  than  a  third  part  of  a  cy-f 
linder  defcribed  with  the  fame  bafe  and  altitude.  Now 
that  little  circle  fuftaiqj  the  weight  of  this  column^ 
I  ^         that 
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that  is,  a  wdght  greater  than  the  weight  of  the  cone  or 
a  third  part  of  the  cylinder. 

Cor.  8.  The  weight  of  water  which  the  circle  P. jO, 
when  very  fmall,  fuftains,  feems  to  be   lefs  than  t'Sc 
weight  of  two  thirds  of  a  cylinder  of  water  whofe  bale 
is  that  little  circle,  arid  its  altitude  HG.     For,  things 
ftanding  as  above  fuppofed,  imagine  the  halfofafphx- 
roid  defcrrbed  whofe  bafe  is  that  little  circle,  and  its 
femi-axis  or  alitude  HG.     This  figure  will  be  equal  to 
two  thirds  of  that  cylinder,  and  will  comprehend  with- 
in it  the  column  of  congealed  water  ?  HQ^^  the  weight 
of  which  is  fuftained  by  that  little  circle.   For  tho'  the 
motion  of  the  water  tends  direftly  downwards,  the  ex- 
ternal fuperficies  of  that  column  muft  yet  meet  the 
bafe  P  Qji^  an  angle  fomewhat  acute,  becaufe  the  water 
in  its  fall  is  perpetually  accelerated,  and  by  reafon  of  that 
acceleration  becomes  narrower.    Therefore,  fince  that 
angle  is  lefs  than  a  right  one,  this  column  in  the  lower 
parts  thereof  will  lie  within  the  hemi-fphasroid.     In  the 
upper  parts  alfo  it  will  be  acute  or  pointed  ;    becaufe, 
to  make  it  otherwife,  the  horizontal  motion  of  the  wa- 
ter muft  be  at  the  vertex  infinitely  more  fwift  than  its 
motion  towards  the  horizon.     And  the  lefs  this  circle 
f  0\%s  the  more  acute  will  the  vertex  of  this  column 
be;  and  the  circle  being  diminiihed  in  infinitum,  the 
angle  P/f^will  bediminiflied  in  infinitum,  and  there- 
fore the  column  will  lie  within  the  hemi-fphxroid. 
Therefore  that  column  is  lefs  than  that  hemi-fphaeroid, 
or  than  two  third  parts  of  the  cylinder  whole  bafe  is 
th^t  little  circle,  and  its  altitude  GH.    Now  the  little 
circle  fuftains  a  force  of  water  equal  to  the  weight  of 
this  column,  the  weight  of  the  ambient  water  being 
employed  in  caufing  its  efflux  out  at  the  hole. 

Cor.  p.  The  weight  of  water  which  the  little  circle 

^Q  fiiftains  when  it  is  very  fmall,  is  very  nearly  equal 

to  the  weight  of  a  cylinder  of  water  whofe  bafe  is  that 

•ittle  circle,  and  its  altitude  \GH.    For  this  weight  is 
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an  arithmetical  meaft  between  the  weights  of  the  cone 
und  the  heroi-fphaeroid  abovementioned.  But  if  that 
little  circle  be  not  very  fmall,  but  on  the  contrary  in- 
creafed  till  it  be  equal  to  the  hole  EFi  it  will  fuftain 
the  weight  of  all  the  water  lying  perpendicularly  above 
it,  that  is,  the  weight  of  a  cylinder  of  water  whofe 
bafe  is  that  little  circle  and  its  altitude  Gff. 

Cor.  io.  And  (as  far  as  I  can  judge)  the  weight 
which  this  little  circle  fuftains  is  always  to  the  weight 
of  a-  cylinder  of  water  whofe  bafe  is  that  little  circle  and 
its  altitude  \GH.  as  £F»  to  JEi^*  —  fP£*,  or  as  the 
circle  EF  to  the  excefs  of  this  circle  above  half  the  little 
circle  P  Qy  very  nearly* 

Lemma   IV* 

^  a  cylinder  move  uniformly  forwards  in  the 
direSfion  of  its  length,  the  rejtjlance  made 
thereto  is  not  at  all  changed  by  augmenting 
or  diminifhing  that  length -^  and  is  therefore 
the  fame  with  the  ref fiance  of  a  circle^  de-K 
fcr the d  with  the  fame  diameter^  and  moving 
forwards  with  the  fame  velocity  in  the  di- 
rediion  of  a  right  line  perpendicular  to  its 
plane. 

For  the  fides  are  fiot  at  all  oppofed  to  the  motioii  j 
^nd  a  cylinder  becomes  a  circle  whed  its  length  is  di? 
{niniAied  in  in^initupi. 
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Proposition  XXX  VILTheorem  XXIX. 

If  a  cylinder  move  uniformly  forwards  in  a  com^ 
preffedy  infinite^  and  non-elaftic  fluidy  in  the 
direction  of  its  length  5  the  rejiftance  arifing 
from  the  magnitude  of  its  tranfverfe  fe£tion^ 
is  to  the  force  by  which  its  whole  motion  may 
be  dejiroyed  or  generatedy  in  the  time  that  it 
moves  four  times  its  lengthy  as  the  denfityof 
the  medium  to  the  denfity  of  the  cylinder^ 
nearly. 

For  let  the  veffel  ABDC  {PL  7.  Fig.  5.)  touch 
the  furface  of  ftagnant  water  with  its  bottom  CD,  and 
let  the  water  run  out  of  this  veffel  into  the  ftagnant  wa- 
ter thro*  the  cylindric  czm\EFTS  perpendicular  to 
the  horizon  ;  and  let  the  little  circle  P  O^b^  placed  pa- 
rallel to  the  horizon  any  where  in  the  middle  of  the 
canal  ;  and  produce  CA  to  if,  fo  that  AK  may  be  to 
CK  in  the  duplicate  of  the  ratio,  which  the  exccfs  of 
the  orifice  of  the  canal  EF  above  the  little  circle  P  O^ 
bears  to  the  circle  A  B.  Then  *tis  manifeft  (by  Cafe  5. 
Cafe(^.  and  Cor.  i.  Prop.  ^6.)  that  the  velocity  of 
the  water  paffing  thro*  the  annular  fpace  between  the 
little  circle  and  the  fides  of  the  veffel,  wilt  be  the  very- 
fame  which  the  water  would  acquire  by  falling,  and  in 
its  fall  defcribing  the  altitude  KC  or  I G. 

And  (by  Cor.  10.  Prop.  5<f.)  if  the  breadth  of 
the  veffel  be  infinite,  fo  that  the  lineola  HI  may  va- 
ni(h,  and  the  altitudes  /C7,  HG  become  equal ;  the 
force  of  the  water  that  flows  down,  and  preffes  upon 
the  circle  will  be  to  the  weight  of  a  cylinder  whofe 
bafe  is  that  little  circle  and  the  altitude  f/C7,  as  BF^ 
to  EF^  — t^O*  very  nearly.  For  the  force  of  the 
water  flowing  downwards  uniformly  thro'  the  whole 
K  4  can%l 
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canal  will  be  the  fame  upon  the  little  circle  P  Q^ia 
wlxatfoever  part  of  the  canal  it  be  placed. 

Let  now  the  orifices  of  the  canal  £f,  57*  be  clofed, 
^nd  let  the  little  circle  afcend  in  the  fluid  comprefled 
on  every  fide,  and  by  its  afcent  let  it  oblige  the  water 
that  lies  above  it  to  defcend  thro'  the  annular  fpacc  be- 
tween I  he  little  circle  and  the  fides  of  the  canal.  Then 
wjll  the  velocity  of  the  afcending  little  circle  be  to  the 
velocity  of  the  defcending  water  as  the  difference  of 
the  circles  EF  and  P Q^\s  to  the  circle  P Qj  and  the 
velocity  of  the  afcending  little  circle  will  be  to  the  funa 
of  the  velocities,  that  is,  to  the  relative  velocity  of  the 
defcending  water  with  which  it  pafles  by  the  little  cir- 
cle in  its  afcent,  as  the  difference  of  the  circles  f/'and 
?jO  to  the  circle  EF.  or  as  EF^--PO^  to  EFK 
Let  that  relative  velocity  be  equal  to  the  velocity  with 
.which  it  was  (hewn  above  that  the  water  would  pafs 
thi  o'  the  annular  fpace  if  the  circle  were  to  remain  un- 
moved, that  is,  to  the  velocity  which  the  water  would 
acquire  by  falling,  and  in  its  fall  defcribing  the  alti- 
tude IG  y  and  the  force  of  the  water  upon  the  afcend- 
ing circle  will  be  the  fame  as  before,  (by  cor.  5.  of 
the  laws  of  motion)  that  is,  the  refiftance  of  the  af- 
cending little  circle  will  be  to  the  weight  of  a  cylinder 
of  water  whofe  bafe  is  that  little  circle  and  its  altitude 
\IG,  as  EF""  to  £/•*  —  fP^O^  nearly.  But  the  ve- 
locity oF  the  little  circle  will  be  to  the  velocity  which 
the  water  acquires  by  falling,  and  in  its  fall  defcribing 
the  altitude  IGy  ^s  EF^  —  P  Q^  to  £  f  ^ 

Let  the  breadth  of  the  canal  be  increafed  in  infini- 
tum; and  the  ratio's  between  EF^- — PO^  and  £/**, 
fand  between  EF^  and  EF^^—^^PO^  will  become  at 
laft  ratio's  of  equality.  And  therefore  the  velocity  of 
the  little  circle  will  now  be  the  fame  which  the  water 
would  acquire  in  falling,  and  in  its  fall  defcribing  the 
altitude  IG  ;  and  the  refiflance  will  become  equal  to 
jhe  weight  of  a  cylinder  whofe  bafe  is  that  little  cii'clc* 

and 
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4Mid  its  altitude  half  the  altitude  /(j,  from  which  the 
cylinder  muft  fall  to  acquire  the  velocity  of  the  afcend- 
ing  circle.  And  with  this  velocity  the  cylinder  in  the 
time  of  its  fall  will  defcribe  four  times  its  length.  Buc 
the  refiftance  of  the  cylinder  moving  forwards  with 
this  velocity  in  the  diredion  of  its  lengths  is  the  fame 
with  the  refiftance  of  the  little  circle,  (hy  Lem.  4.) 
and  is  therefore  nearly  equal  to  the  force  by  which  its 
.motion  may  be  generated  while  it  defcribes  four  times 
its  length. 

If  the  length  of  the  cylinder  be  augmented  or  dl- 
minifhed)  its  motion^  and  the  time  in  which  it  de- 
fcribes four  times  its  length,  will  be  augmented  or  di- 
miniihed  in  the  fame  ratio;  and, therefore  the  force  by 
which  the  motion>  fo  incrcafed  or  diminifhed,  may  be 
deftroy  ed  or  generated^  will  continue  the  fame  ;  becaufe 
the  time  is  increafed  or  diminifhed  in  the  fame  propor- 
tion ;  and  therefore  that  force  remains  ftill  equal  to  the 
refiftance  of  the  cylinder,  becaufe  (by  Lem*  4.)  that 
refiftance  will  alfo  remain  the  fame. 

If  the  denfity  of  the  cylinder  be  augmented  or  di- 
miniftied,  its  motion,  and  the  force  by  which  its  mo- 
tion may  be  generated  or  deftroyed  in  the  fame  time, 
will  be  augmented  or  dimini(h«l  in  the  fame  ratio. 
Therefore  the  refiftance  of  any  cylinder  whatfoever  will 
be  to  the  force  by  which  its  whole  motion  may  be  ge- 
nerated or  deftroyed  in  the  time  during  which  it  moves 
four  times  its  length,  as  the  denfity  of  the  medium  to 
the  denfity  of  the  cylinder,  nearly.    Q^  E.  D. 

A  fluid  muft  be  comprefled  to  become  continued  ;  it 
muft  be  continued  and  non-elaftic,  that  jU  the  preffure 
arifing  from  its  compreflion  may  be  propagated  in  an 
inftant ;  and  fo  ading  equally  upon  all  parts  of  the  bo- 
dy moved,  may  produce  no  change  of  the  refiftance. 
The  preffure  arifing  from  the  motion  of  the  body  is 
fpcnt  in  generating  a  motion  in  the  parts  of  the  fluid, 
and  this  creates  the  refiftance.    But  the  preffure  arifing 

from 
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from  the  compreffion  of  the  fluid,  be  it  never  fo  forci- 
bkf  if  it  be  propagated  in  an  inftant,  generates  no  mo- 
tion in  the  parts  of  a  continued  fluid,  produces  no 
change  at  all  of  motion  therein  ;  and  therefore  neither 
augments  nor  leffens  the  refiftance.  This  is  certain,  that 
the  aftion  of  the  fluid  arifing  from  the  compreflion  can- 
not be  ftronger  on  the  hinder  parts  of  the  body  moved 
than  on  its  fore  parts,  and  therefore  cannot  leffen  the 
refiftance  defcribed  in  this  Propofition.     And  if  its 

aagation  be  infinitely  fwifter  than  the  motion  of  the 
/  prcffed,  it  will  not  be  ftronger  on  the  fore  parts 
than  on  the  hinder  parts.  But  that  aftion  will  be  in- 
finitely fwifter  and  propagated  in  aninftant>  if  the  fluid 
Jbe  continued  and  non-elaftic. 

Cor.  I.  The  refiftances  made  to  cylinders  going  uni- 
formly forwards  in  the  direftion  of  their  lengths  thro' 
continued  infinite  mediums,  are  in  a  ratio  compounded 
of  the  duplicate  ratio  of  the  velocities  and  the  duplicate 
ratio  of  the  diameters,  and  the  ratio  of  the  denfity  of 
the  mediums. 

Cor.  z.  If  the  breadth  of  the  canal  be  not  infinite- 
ly increafed,  but  the  cylinder  go  forwards  in  the  direc- 
tion of  its  length  through  an  included  quiefcent  me'^ 
dium,  its  axis  all  the  while  coinciding  with  the  axis  of 
the  canal ;  its  refiftance  will  be  to  the  force  by  which 
its  whole  motion  in  the  time  in  which  it  defcribes  four 
times  its  length,  may  be  generated  or  deftroyed,  in  a 
ratio  compounded  of  the  ratio  of  £F*  to  jE^* — %^Q^' 
once,  and  the  ratio  oiEF^  to  EF*  — P  Q^  twice,  and 
the  ratio  of  the  dcftfity  of  the  medium  to  the  denfity  of 
the  cylinder. 

Cor.  5.  The  fame  things  fuppofed,  and  that  a  length 
L  is  to  the  quadruple  of  the  length  of  the  cylinder  in 
^  ratio  compounded  of  the  ratio  £  F*  — •  \PQ^  to  ££* 
once,  and  the  ratio  of  ££*  — PO^  to  EF^  tv/ice ;  the 
refiftance  of  the  cylinder  will  be  to  the  force  by  which 
its  whole  oiotioq,  in  the  time  during  which  it  defcribes 
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the  length  L,  may  be  dcftroyed  or  gencwcd,  as  the 
denfity  of  the  medium  to  the  denfity  of  the  cyliodcr. 

SCHOI^IUM. 

In  this  propofition  wc  have  inveftigated  that  refif- 
tance  alone  wnich  arifes  from  the  magnitude  of  the 
tranfverfe  feftion  of  the  cylinder,  negleding  that  part 
of  the  fame  which  may  arifc  from  the  obliquity  of  the 
motions,    For  as  in  Cafe  i.  of  Prop.  ^6.  the  obliquity 
of  the  motions  with  which  the  parts  of  the  water  ii\ 
the  vcffel  converged  on  every  fide  to  the  hole  £-F, 
hindered  the  efflux  of  the  water  thro'  the  hole ;  fo  in 
this  propofition>   the  obliquity  of  the  motions,  with 
which  tne  parts  of  the  water,  preffed  by  the  antecedent 
extremity  of  the  cylinder,  yield  to  the  preflure  and  di- 
verge on  all  fides,  retards  their  paffage,  thro'  the  places 
that  lie  round  that  antecedent  extremity,  towards  the 
hinder  parts  of  the  cylinder,  and  caufes  the  fluid  to  be 
moved  to  a  greater  diftance ;  which  increafes  the  refif* 
tance,  and  that  in  the  fame  ratio  almofl  in  which  it  di- 
minished the  efflux  of  the  water  out  of  the  veffel,  that 
is,  in  the  duplicate  ratio  of  Z5  to  21,  nearly.     And  at 
\vi  Cafe  I.  of  that  Prepofitiom  we  made  the  parts  of 
the  water  pafs  thro*  the  hole  EF  perpendicularly  and 
in  the  greateft  plenty,  by  fuppofing  all  the  water  in  the 
veffel  lying  round  the  cataFaft  to  be  frozen,  and  that 
part  of  the  v^ter  whofe  motion  was  oblique  and  ufe- 
lefs  to  remain  without  motion  ;  fo  in  this  propofitioUf 
that  the  obliquity  of  the  motions  may  be  taken  away, 
and  the  parts  of  the  water  may  give  the  freeft  paffage 
to  the  cylinder,  by  yielding  to  it  with  the  moft  dire6t 
and  quick  motion  poffible,  fo  that  only  fo  much  refif-* 
tance  may  remain  as  arifes  from  the  magnitude  of  the 
tranfverfe  feAion,  and  which  is  incapable  of  diminution^ 
unlefs  by  diminifhing  the  diameter  of  the  cylinder ;  we 
pfiuft  conceive  tl^ofe  parts  of  the  fluid  whofe  motions 
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are  oblique  Md  ufelefs,  and  produce  refiftance,  to  be  at 
reft  among  themfelves  at  both  extremities  of  the  cylin- 
der, and  there  to  cohere,  and  be  joined  to  the  cylinder. 
L^t  ^BCD  (PL  7*  Fig*  ^0  be  a  reftangle,  and  let 
u4E  and  jB£  be  two  parabolic  arcs,  defcribed  with  the 
axis  ABi  and  with  a  latus  redum  that  is  to  the  fpace 
H  G,  which  muft  be  defcribed  by  the  cylinder  in  fall- 
ing in  order  to  acquire  the  velocity  with  which  ic 
moves,  as  HG  to  ^j4B.  Let  CF  and  2J-F  be  two 
other  parabolic  arcs  defcribed  with  the  axis  CD,  and  a 
latus  redum  quadruple  of  the  former;  and  by  the  con- 
volution of  the  figure  about  the  axis  EFkt  there  be 
generated  a  folid,  whofe  middle  part  AB DC  is  the 
(Cylinder  we  are  here  fpeaking  of,  and  the  extreme  parts 
ABE  and  CDF  contain  the  parts  of  the  fluid,  at  reft 
anK>ng  themfelves,  and  concreted  into  two  hard  bodies, 
adhering  to  the  cylinder  at  each  end  like  a  head  and 
tail.  Then  if  this  folid  £^CFD  5  move  in  the  di- 
reftion  of  the  length  of  its  axis  FE  towards  the  parts 
beyond  £,  the  refiftance  will  be  the  fame  which  we 
|iave  here  determined  in  this  propofition,  nearly  ;  that 
is,  it  will  have  the  fame  ratio  to  the  force  with  which 
the  whole  motion  of  the  cylinder  may  be  deftroyed  or 
generated  in  the  time  that  it  is  defcribing  the  length 
/^AC  with  that  motion  uniformly  continued,  as  the 
denfity  of  the  fluid  has  to  the  denfity  of  the  cylinder, 
nearly.  And  (by  Cor.  7.  Prop.  5(^0  the  refiftance 
muft  be  to  this  force  in  the  ratio  of  2  to  5,  at  the 
leaft. 


t«BMMX 
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Lemma    V- 

If  a  cylinder^  a  fphere,4md  a  fpharoidy  of  equal 
breadths  be  placed  fucceffively  in  the  middle 
of  a  cylindric  canals  fo  that  their  axes  may 
coincide  with  the  axis  of  the  canal  5  thefe  bo^ 
dies  will  equally  hinder  the  paffi^e  of  the 
water  thro'  the  canal. 

For  the  fpaces,  lying  between  the  fides  of  the  canaU 
and  the  cylinder,  fphere,  and  fphsroid,  thro*  which 
the  water  pafles,  are  equal;  and  the  water  will  pafs  e- 
qually  thro'  equal  fpaces« 

This  is  true  upon  the  fuppodtion  that  all  the  water 
above  the  cylinder,  fphere,  or  fphaeroidj  whofe  fluidity 
is  not  neceflary  to  make  the  paffage  of  the  water  the 
quickeft  poflible,  is  congealea,  as  was  explained  above 
in  Cor.  j*  Prop.  3<J. 

Lemma  VI. 

The  fame  fuppojttion  remaining^  the  foremen- 
tioned  bodies  are  equally  aSted  on  by  the  wa- 
ter flowing  thro*  the  canal. 

This  appears  by  Lem.  5.  and  the  third  law.  For 
the  water  and  the  bodies  aft  upon  each  other  mutually 
and  equally. 

Lemma  VII. 

If  the  water  be  at  reft  in  the  canals  and  thefe 
bodies  move  with  equal  velocity  and  the  con- 
trary way  thro*  the  canaly  their  reflftances 
will  be  equal  among  themfelves. 

This  appears  from  the  laft  Lemma,  for  the  relative 
Motions  remain  the  fame  among  thenafelves. 

SCHO* 
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Scholium. 

the  cafe  is  the  fame  of  all  cbnvc*  and  rouiid  bodies^ 
whofe  axes  coincide  with  the  axis  of  the  canaL    Some 
difference  may  arife  from  a  greater  or  lefs  friftion;  buc 
in  thefe  lemmata  we  fuppofe  the  bodies  to  be  perfedly 
fmootb,  and  the  medium  to  be  void  of  all  tenacity  and 
friftion  ;  and  that  thofe  parts  of  the  fluid  which  by 
their  oblique  and  fuperfluous  motions  may  difturb>  hin- 
der, and  retard  the  flux  of  the  water  thro*  the  canal, 
are  at  reft  amongft  themfelves ;  being  fixed  like  watef 
by  froft,  and  adhering  to  the  fore  and  hinder  parts  of 
the  bodies  in  the  manner  explained  in  the  Scholium  of 
the  laft  Propofition.     For  m  what  follows,  we  confi- 
der  the  very  leaft  refiftance  that  round  bodies  defcribed 
with  the  greatcft  given  tranfverfe  fedions  can  pof&bly 
meet  with. 

Bodies  fwimming  upon  fluids^  when  they  ifaove 
ftraight  forwards,  caufe  the  fluid  to  afcend  at  their  fore 
parts  and  fubfide  at  their  hitidet  parts,  efpecially  if 
they  are  of  an  obtufe  figure ;  and  thence  they  meet 
with  a  little  more  refiftance  than  if  they  were  acute  at 
the  head  and  taiL  And  bodies  moving  in  elaftic  fluids, 
if  they  are  obtufe  behind  and  before,  condenfe  the  fluid 
a  little  more  at  their  fore  parts,  and  relax  the  fame  at 
their  hinder  parts ;  and  therefore  meet  alfo  with  a  little 
more  refiftance  than  if  they  were  acute  at  the  head  and 
tail.  But  in  thefe  lemma's  and  propofitions  we  are  not 
treating  of  elaftic,  but  non-elaftic  fluids  ;  not  of  bo- 
dies floating  on  the  furface  of  the  fluid,  but  deeply  im- 
merfed  therein.  And  when  the  refiftance  of  bodies  in 
non-elaftic  fluids  is  once  known,  we  may  then  aug« 
ment  this  refiftance  a  little  in  elaftic  fluids,  as  our  air; 
and  in  the  furfaces  of  stagnating  fluids,  as  lakes  and 
feas» 

Pap- 
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Proposition  XXXVIII.  Theorem  XXX. 

If  a  globe  move  uniformly  forward  in  a  com- 
prejfedy  infinite y  and  non-elajiic  fluid,  itsre^ 
fiftance  is  to  the  force  by  which  its  whole 
tnotion  may  be  defiroyed  or  generated  in  the 
time  that  it  defer tbes  eight  third  parts  of  its 
diameter^  as  the  denfity  of  the  fluid  to  the 
denfity  of  the  globe y  very  nearly. 

For  the  globe  is  to  its  circumfcribcd  cylinder  as  two 
to  three ;  and  therefore  the  force  which  can  deftroy  all 
the  motion  of  the  cylinder  while  the  fame  cylinder  \t 
defcribing  the  length  of  four  of  its  diameters,  will  de- 
ftroy all  the  motion  of  the  globe  while  the  globe  is  de- 
fcribing two  thirds  of  this  length,  that  is,  eight  third 
parts  of  its  own  diameter.  Now  the  refiftance  of  the 
cylinder  is  to  this  force  very  nearly  as  the  denfity  of 
the  fluid  to  the  denfity  of  the  cylinder  or  globe  (by 
Prop.  37.)  and  the  refiftance  of  the  globe  is  equal  to 
the    refiftance   of  the    cylinder    (by  Lem.  5,  (J,  7.) 

Cor.  I.  The  rcfiftances  of  globes  in  infinite  com- 
preffed  mediums  are  in  a  ratio  compounded  of  the  du- 
plicate ratio  of  the  velocity,  and  the  d^plicate  ratio  of 
the  diameten  and  the  ratio  of  the  denfity  of  the  me>» 
diums. 

Cor.  z.  The  greateft  velocity  with  which  a  globe 
can  defcend  by  its  comparative  weight  thro*  a.  refifting 
fluid,  is  the  fame  which  it  may  acquire  by  falling  with 
the  fame  weight,  and  without  any  refiftance,  and  in  its 
fall  defcribing  a  fpace  that  is  to  four  third  parts  of  its 
diameter,  as  the  denfity  of  the  globe  to  the  denfity  of 
the  fluid.  For  the  globe  in  the  time  of  its  fall,  moving 
"viv^  the  velocity  acquired  in  falling)  will  defcribe  a 

fpacc 
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^ace  that  will  be  to  eight  third  parts  of  its  diameter 
as  the  denfity  of  the  globe  to  the  dcnfity  of  the  fluid; 
and  the  force  of  its  weight  which  generates  this  motion^ 
will  be  to  the  force  that  can  generate  the  fame  motion 
in  the  time  that  the  globe  defcribes  eight  third  parts  of 
its  diameter,  with  the  fame  velocity  as  the  denfity  of 
the  fluid  to  the  denfity  of  the  globe}  and  therefore 
(by  this  Propofition)  the  force  of  weight  will  be 
equal  to  the  force  of  refiftancei  and  therefore  cannot 
accelerate  the  globe. 

Cor.  y  If  there  be  given  both  the  denfity  of  the 
globe  and  its  velocity  at  the  beginning  of  the  motion^ 
and  the  denfity  of  the  compreffed  <^uiefcent  fluid  in 
which  the  globe  moves ;  there  is  given  at  any  time 
both  the  velocity  of  the  globe  and  its  refiftance,  and 
the  fpace  defcribed  by  it,  (by  Cony.  Prop,  jf.) 

Cor.  4.  A  globe  moving  in  a  compreffed  quiefcent 
fluid  of  the  fame  denfity  with  itfelf,  will  lofe  half  its 
motion  before  it  can  delcribe  the  length  of  two  of  its 
diameters^  (by  the  fame  Con  7.) 

Proposition  XXXIX.  Theorem XXXI. 

Jf  a  ghbe  move  uniformly  forward  thro"  a  fluid 
inch  fed  and  compreffed  in  a  cylindric  candy 
its  repfiance  is  to  the  force  by  which  its 
whole  motion  may  be  generated  or  dejiroyed, 
in  the  time  in  which  it  defcribes  eight  third 
parts  of  its  diameter y  in  a  ratio  compounded 
of  the  ratio  ofth^  orifice  of  the  canaU  to  the 
excefs  of  that  orifice  above  half  the  greateft , 
circle  of  the  globe  i  and  the  duplicate  ratio  of 
the  orifice  of  the  canals  to  the  excefs  of  that 
orifice  above  the  greateft  circle  of  the  globe ; 
and  the  ratio  of  the  denfity  of  the  pii  ii 
the  denfity  of  the  gkbe^  nearly ^ 
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This  appears  by  cor.  2.  prop.  57.  and  the  demon- 
ftration  proceeds  in  the  faftie  nbanner  i%  in  the  foregoing 
propofition; 

Scholium. 

In  the  two  hft  propofitions  we  fdppofe  fas  was  dont 
before  in  lein.  ^.)  that  all  the  warer  which  precedes 
the  globe,  and  whofe  fluidity  increafes  the  refiftahce  of 
the  lame,  is  congealed.  Now  if  that  water  becoines 
fluid,  it  will  fomewhat  increafe  the  refiftance.  But 
in  thefe  propofitions  that  increafe  is  fo  fmall,  that  it 
toay  beriegled:ed,  becaufe  the  convei^fuperficies  of  the 
globe  produces  the  very  fame  effed  altnoft  as  the  con-; 
gdatioa  of  the  water; 

Proposition  XL.     Problem  IX. 

Tlo  find  by  phanorAena  the  refiftance  of  aglob^^ 
moving  through  a  perfectly  fluid  compreffed 
medium. 

tet  A  be  the  weight  of  the  gl9()e  in  vacuo,  B  its 
weight  in  the  refifting  medium,  D  th^  diam^er  of  the 
globe,  F  a  fpace  which  is  to  f  D  as  the  denfity  of  the 
globe  TO  the  denfity  of  the  medium,  that  is,  as  A  to 
A— B,  G  the  time  in  wjiich  the  globe  falling  witlt 
the  weight  B  without  refiftance  defcribes  t|ie  (pace  F^ 
and  H  the  velocity  which  the  body  acquires  by  that 
ftUt  Then  H  wiU  be  the  grcateft  velocity  with  which 
the  globe  can  poffibly  defcend  with  the  weight  B  irt 
therefifting  medium,  by  cor.i.  prop.  58;  and  the 
refiftance  which  the  globe  meets  with,  when  defcending 
with  that  velocity,  will  be  equal  to  its  weight  B  x  and 
the  refiftance  it  meets  with,  in  any  other  velocity,  will 
^  to  the  weight  B  in  the  duplicate  ratio  of  that  velo- 
4ty  to  the  greateft  velocity  H,  by  cor.  i.  prop.  j8. 

Yoi.lL  t  this 
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This  is  the  refiftance  that  arifes  from  the  inacaivity 
of  the  matter  of  the  fluid.  That  refiftance  which  arifes 
from  the  elafticity,  tenacity,  and  friftion  of  its  parts^ 
may  be  thus  inveftigated. 

Let  the  globe  be  let  fall  fo  that  it  may  d:fcend  in  the 

fluid  by  the  weight  B ;    and   let  P  be  the  time  of 

falling,  and  let  that  time  be  exprefledin  feconds,  if  the 

time  G  be  given  in  feconds.    Find  the  abfolute  Number 

iP 
K  agreeing  to  the  logarithm  0,454254481^^-,   and 

N-l-i 
let  L  be  the  logarithm  of  the  number  — ~ —  :  and  the 

N 

N — I 
velocity  acquired  in  falling  will  be  c^— j — H,   and   the 

2PF 
height  defcribed  will  be  — i,58(?2p45<fii  F  -j- 

4,(^o5i7oi85LF.      If  the   fluid   be  of  a  fufiicient 

aepth,  we  may  negled  the  term  4,(^05 i70i8(JLF; 

2PF 
and i,38(J2945(JiiF  will  be  the  altitude defcri- 

bed,  nearly.  Thefc  things  appear  by  prop.  9.  book  2. 
and  its  corollaries,  and  are  true  upon  this  fuppofition, 
that  the  globe  meets  with  no  other  refiftance  but  that 
which  arifes  from  the  inaftivity  of  matter.  Now  if 
it  really  meet  with  any  refiftance  of  another  kind,  the 
defcent  will  be  flower,  and  from  the  quantity  of  that 
retardation  will  be  known  the  quantity  of  this  new  re-, 
li  ftance. 

That  the  velocity  and  defcent  of  a  body  falling  in  a 
fluid  might  more  eafily  beknown>  I  have  compofed  the 
following  table ;  the  hrft  column  of  which  denotes  the 
times  of  defcent,  thefecond  fliews  the  velocities  acquired 
in  falling,  the  greateft  velocity  being  loooooooo* 
the  third  exhibits  the  fpaces  defcribed  by  falling  in 
'  thofe  times,  iF  being  the  fpacc  which  the  body  dc. 
fcribes  in  the  time  p  with  the  greateft  velocity , 
z  and 
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and  the    fourth  gives  the  fpaces  defcribed  with   the 

great  eft   velocity   in    the  fame  times.     The  numbers 

2P 
in  the  fourth  column  are  -^  i  and  by  fubduding  the 

number  1,38^25)44 — ^4,505 1702L,  are  found  the  num- 
bers in  tlje  third  column ;  and  thefe  numbers  muft  be 
multiplied  by  the  fpace  F  to  dbtain  the  fpaces  defcri- 
bed in  falling.  A  fifth  column  is  added  to  all  thefe» 
containing  the  fpaces  defcribed  in  the  fame  times  by  a 
body  falling  in  vacuo  with  the  force  of  B  its-  compara* 
tive  weight. 


1  Th*  fpacis 

The  Times 

FtUciHti  cf  the 

The  fpaces  defcri- 

defcribed 

The   jpMces   de- 

p 

Mf  falUmt  in 

bed  im  fsUint  m 

with  the 

fcribed  by  fslUmi 

thtfimi. 

the  fimd. 

greatefimo 
tiom. 

im  vacmo. 

0,00 1 G 

99999J4 

0,00000 1 F 

0,002F 

0,00000 1 F 

0,01  G 

999967 

0,000 1 F 

0,02F 

0,000 1 F 

o,iG 

9966799 

o,oo99834F 

0,2F 

0,0 1 F 

0,2G 

•9737532 
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Scholium* 

In  order  to  inveftigate  the  refiftances  of  fluids  froili 
experiments,  1  procured  a  fquare  wooden  vefTel,  whofe 
length  and  breadth  on  the  infide  was  ^  inches  EngHjh 
meafure,  and  its  depth  9  foot  \  ;  this  I  filled  with 
rain-water  :  and  having  provided  globes  made  up  of 
wax,  and  lead  included  therein,  1  noted  the  times  of 
the  defcen^s  of  thefe  globes,  the  height  through  which 
they  defcended  being  1 1  z  inches.  A  folid  cubic  foot 
of  Englijh  meafurc  contains  j6  pounds  Troj  weight 
of  rain-water ;  and  a  folid  inch  contains  jf  ounces 
Troy  weight  or  2  5  5  f  grains ;  and  a  globe  of  water 
of  one  inch  in  diameter  contains  152,(^45  grains  in 
air,  or  152,8  grains  in  vacuo;  and  any  other  globe 
will  be  as  the  excefs  of  its  weight  in  vacuo  above  it» 
weight  in  water. 

ExPER.  !•  A  globe  whofe  weight  was  1^6  \  grains 
in  air,  and  77  grains  in  water,  defcribed  the  whole 
height  of  112  inches  in  4  feconds.  And,  upon  repeat- 
ing the  experiment,  the  globe  fpent  again  the  very  fame 
time  of  4  feconds  in  falling. 

The  weight  of  this  globe  in  vacuo  is  1 56  f  ^  grains ; 
and  excefs  of  this  weight  above  the  weight  of  the 
globe  in  water  is  79  \\  grains.  Hence  the  diameter  of 
the  globe  appears  to  be  0,84224  parts  of  an  inch.  Then 
it  will  be,  as  that  excefs  to  the  weight  of  the  globe  in 
vacuo,  fo  is  the  denfity  of  the  water  to  the  denfity  of 
the  globe ;  and  fo  is  f  parts  of  the  diameter  of  the 
globe  {viz,.  .2,24597  inches)  to  the  fpace  iF,  which 
will  be  therefore  4>42  5  tf  inches.  Now  a  globe  fal- 
ling in  Vacuo  y^ith  its  whole  Weight  of  i5<Jf  f  grains 
in  one  fecond  of  time  will  defcribe  193  f  inches;  and 
falling  in  water  in  the  fame  time  with  the  weight  of 
77  grains  without  refiftance,  will  defcribe  5)5>2iJ> 
inches ;  and  in  the  time  G  Which  is  to  one  fecond  of 

time 
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time  in  the  fufaduplicate  ratio  of  the  fpacc  F,  or  of 
2,2128  inches  to  95,219  inches,  will  defer ibe  2,2123 
inches,  and  will  acquire  the  greateft  velocity  H  with 
which  it  is  capable  of  defcending  in  water.  There- 
fore the  time  G  is  o,''i5244.  And  in  this  time  G 
with  that  greateft  velocity  H,  the  globe  will  defcribe 
the  fpace  2F,  which  is  4,4255  inches;  and  therefore 
in  4  feconds  will  defcribe  a  fpace  of  1 16,1245  inches. 
Subduft  the  fpace  1,3862944?  or  3,0676  inches,  and 
there  will  remain  a  fpace  of  113,0569  inches,  which 
the  globe  falling  thro*  water  in  a  very  wide  veflel  will 
defcribe  in  4  feconds.  But  this  fpace,  by  reafon  of 
the  narrownefs  of  the  wooden  veffel  beforementioned, 
ought  to  be  diminilhed  in  a  ratio  compounded  of  the 
fubduplicaie  ratio  of  the  orifice  of  the  veflel  to  the 
cxcefs  of  this  orifice  above  half  a  great  circle  of  the 
globe,  and  of  the  fimple  ratio  of  the  fame  orifice  to  its 
cxcefs  above  a  great  circle  of  the  globe,  that  is,  in  a 
ratio  of  t  to  059914.  This  done,  we  have  a  fpace  of 
112,08  inches,  which  a  globe  falling  thro'  the  water 
in  thi^wooden  veffel  in  4  feconds  of  time  ought  nearly 
to  defcribe  by  this  theory :  but  it  defcribed  11 2  inches 
by  the  experiment. 

ExPER.  2.  Three  equal  globes,  whofe  weights  were 
feverally  76  f  grains  in  air,  and  5  r^  grains  in  water, 
were  let  fall  fucceffively  ;  and  every  one  fell  thro'  the 
water  in  15  feconds  of  time,  defcribing  in  its  fall  a 
height  of  1 1 2  inches. 

By  computation,  the  weight  of  each  globe  in  vacuo 
'^  7^  A  grains ;  the  excefs  of  this  weight  above  the 
weight  in  water,  is  71  grains  W  ;  the  diameter  of  the 
globe  O581296  of  an  inch  :  f  parts  of  this  diameter 
2,16789  inches;  the  fpace  2F  is  2,3217  inches;  the 
fpace  which  a  globe  of  5  ^^  grains  in  weight  would 
defcribe  in  one  fecond  without  refiftance,  12,80^ 
ijiches,  and  the  time  G  0^,3 01056.  Therefore  the 
globe  with  the  greateft  velocity  it  is  capable  of  receiving 
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from  a  weight  of  5  ^^  grains  in  its  defccnt  thro'  wa- 
ter, will  dcfcribe  in  the  time  o'Sjoioj^^  the  fpace  af 
2,3217  inches;  and  in  15  feconds  the  fpace  115,578 
inches.  Subdud  the  fpace  i,38<?ip44F  or  1,509 
inches,  and  there  remains  the  fpace  i  i^jo6^  inches ; 
which  therefore  the  falling  globe  ought  to  defcribe  in 
the  fame  time,  if  the  veflel  were  very  wide.  But  be- 
caufe  our  veflel  was  narrow,  the  fpace  ought  to  be  di- 
minifhed  by  about  0,895  ^^  ^^  i^^^*  And  fo  the 
fpace  will  remain  115,174  inches,  which  a  globe  fal- 
ling in  this  veflel  ought  nearly  to  defcribe  in  1 5  fecoftds 
by  the  theory.  But  by  the  experiment  it  defcribed 
112  inches.    The  difference  is  not  fenfible. 

ExpER.  3.  Three  equal  globes,  whofe  weights  were 
Severally  121  grains  in  air,  and  i  grain  in  water,  were 
fucceflively  let  fall ;  and  they  fell  thro*  the  water  in 
the  times  45",  47",  and  50",  defcribing  a  height  of 
,112  inches. 

By  the  theory  thefe  globes  ought  to  have  fallen  in 
about  40".  Now  whether  their  falling  more  flowly 
were  occafion*d  from  hence,  that  in  flow  motions  the 
refiftance  arifing  from  the  force  of  inaftivity,  does 
really  bear  a  lefs  proportion  to  the  refiflance  arifing  from 
other  caufes ;  or  whether  it  is  to  be  attributed  to  little 
bubbles  that  might  chance  to  ftick  to  the  globes,  or  to 
the  rarefaftion  of  the  wax  by  the  warmth  of  the  wea- 
ther, or  of  the  hand  that  let  them  fall ;  or,  laftly,  whether 
it  proceeded  from  fome  infenfible  errors  in  weighing  the 
globes  in  the  water,  I  am  not  certain.  Therefore  the 
weight  of  the  globe  in  water  ftiould  be  of  fevefal  grains, 
that  the  experiment  may  be  certain,  and  to  be  depended 
on. 

ExPER.4.  I  began  the  foregoing  experiments  to  in- 
vert igate  the  refinances  of  fluids,  before  I  was  ac- 
quainted with  the  theory  laid  down  in  the  propofitions 
immediately  preceding.  Afterwards>  in  order  to  exa- 
mine the  theory  after  it  was  difcovered,  I  procured  a 
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wooden  vcfTel,  whole  breadth  on  the  infide  was  8  f 

inches,  and  its  depth  1 5  feet  and  4.     Then  I  made 

four  globes  of  wax,  with  lead  included,  each  of  which 

weighed  159  :|  grains  in  air,   and  7  ~  grains  in  water. 

Thele  I  let  fall,  meafuring  the  times  of  their  falling  in 

the  water  with  a  pendulum  ofcillating  to  half  feconds. 

The  globes  were  cold,  and  had  remained  fo  fome  time, 

both  when  they  were  weighed  and  when  they  were  Ice 

fall ;   becaufe  warmth  rarefies  the  wax,  and  by  rarefying 

it  dtminifties  the  weight  of  the  globe  in  the  water  ; 

and  wax,   when  rarefied,  is  not  inftantly  reduced  by 

cold  to  its  former  denfity.     Before  they  were  let  fall, 

they  were  totally  immerfed  under  water,  left,  by  the 

weight  of  any  part  of  them  that  might  chance  to  be 

above  the  water,  their  defcent  (hould  be  accelerated  in 

its  beginning.   Then,  when  after  their  immerfion  they 

were  perl eftly  at  reft,  they  were  let  go  with  the  greateft 

care,  that   they  might  not  receive  any  impuKe  from 

the  hand  that  let  them  down.     And  they   fell  fuccef- 

fivelyin  the  times  of  J.7I,  487,  50  and  51  ofcil!ations, 

defcribing  a  height  ot  1 5  feet  and  2  inches.    But  the 

weather  Was  now  a  tittle  colder  than  when  the  globes 

were  weighed,  and  therefore  I  repeated  the  experiment 

another  day;  and  then  the  globes  fell  in  the  times  of 

49,  49  ^,  50  and  5;  ;  and  at  a  third  trial  in  the  times 

<"  49  i»  5o>  51  and  53  ofcillations.    And  by  making 

the  experiment  feveral  times  over,    I  found  that  the 

globes  fell  moftly  in  the  times  of  49  \  and  50  ofcilla- 

tiohs.    When  they  fell  flower,  I  fufpeft  them  to  have 

been  retarded  by  ftriking  againft  the  fides  of  the  veffel. 

Now,  computing  from  the  theory,  the  weight  of 
the  globe  in  vacuo  is  159  f  grains.  The  excefs  of 
this  weight  above  the  weight  of  the  globe  in  water 
xji  %i  grains,  the  diameter  of  the  globe  0,99868  of 
in  inch,  f  parts  of  the  diameter  z,tf(5}if  inches,  the 
^ce  zF  iito66  inches,  the  fpace  which  a  globe 
Weighing  7  \  grains  falling  without  rcfiftance  dekiribes 
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in  a  fecond  of  time  9,881^4  inches^  and  the  time 

G  o", 3 7(^845.     Therefore  the  globe  with  the  grearefl 

velociry  with  which  it  is  capable  of  defcending  thro* 

the  water  by  the  force  of  a  >yeight  ojf  7  |  grains  will  ii^ 

tlie  time  c>'\i'j6%^i  defcribp  a  fpaceoi  z^o66  inches^ 

and  in  one  fecond  of  time  a  fpace  of  7,44755  inches^ 

and  in  the  time  25",  or  in  5  p  ofcillations   the  fpace 

185,1915  inches.    Subduft  the  fpace  1,585294?  or 

1,9454  inches,and  there  will  remain  the  fpace  184,^4(^1: 

inches,  which  the  globe  will  defcribe  in  that  time  in  a 

Very  wide  veflcl.     Becaufe  our  veifel  was  narrow,  let 

this  fpace  be  diminilhed  in  a  ratio  compounded  of  the 

fubduplicate  ratio  of  the  orifice  of  the  veffel  to  the  cx-^ 

cefs  ot  this  orifice  above  half  a  gre^t  circle  of  theglobe^ 

and  of  the  Cmple  ratio  of  the  fame  orifice  tp  its  excefs 

above  a  great  circle  of  the  globe ;  and  we  (hall  iiavc 

the  fpace  of  1 8 1,85  inches,  which  the  globe  ought  by 

the  theory  to  defcribe  in  this  veffel  in  the  time  of  50 

pfcillations^  nearly.     But  it  defcribed  the  fpace  of  iSz 

inches,  by  experiment,  in  49-  or  50  ofcillations. 

'  ExPER.  5.  Four  globes,  weighing  154  f  grains  in 

air,    and  21  f  grains  in  water,    being  let  fall  feveral 

times,  fell  in  the  times  of  28^,  29,  29^,  and  50, 

and  fometimes  of  31,  32,  and  33  ofcillationSi  defcri* 

bing  a  height  of  1 5  feet  and  2  inches. 

'  They  ought  by  the  theory  to  have  fallen  in  the  time 

of  29  ofcillatibns,  nearly. 

^  ^XPER.  5.  Five  globes,  weighing  ^ii^  grams  in 
air,  and  79  \  ip  water,  being  feveral  times  let  fall  fell 
in  the  times  of  if,  15^,  i5,  17,  and  18  ofcillations, 
defcribing  a  height  of  1 5  feet  and  ^  inches. 

By  the  theory  tliey  ought  tp  h^ve  fallen  in  the  titne 
of  15  ofcilfations,  nearly. 

*  ExPER.  J.  Four  globes  weighing  295  f  graips  in 
air/  and  jj  grains  |  in  water,  being  lee  fall  feveral 
ppes,  ^ell  in  the  times  of  29^,  50,  30 J,  ji,  J2, 
^nd  5  5  ofcillations,  defcribing  a  height  of  i  J  feet  an^ 
I  inch  and  f,      '     ^    ^'    '    r  '       ^  '       Jy 
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By  the  theory  they  ought  to  have  fallen  in  the  time 
pf  z8  ofcillations>  nearly* 

In  fearching  for  the  caufe  that  occadoned  rhefe  globes 
of  the  fame  weight  and  magnitude  to  f all>  fome  Iwifter 
and  fome  flower,  I  hit  upon  this;  that  the  globes, 
when  they  were  firft  let  go  and  began  to  fall,  ofcillated 
^ut  their  centres^  that  fide  which  chanced  to  be  the 
heavier  defcending  firft,  and  producing  an  ofcillating 
motion^    Now  by  ofcillating  thus,  the  globe  commu- 
nicates %  greater  motion  to  the  water,  than  if  it  de- 
scended without  any  ofcillations  ;  and  by  this  commu- 
nication lofes  part  of  its  own  motion  with  which  it 
fhould  defcend  ;   and   therefore  as  this  ofcillation  is 
greater  or  lefs  it  will  be  more  or  lefs  retarded.     Be- 
fides  the  globe  always  recedes  from  that  fide  of  itfelf 
which  fs  defcending  in  the  ofcillation,  and  by  fo  re- 
ceding comes  nearer  to  the  fides  of  the  veifel  fo  as  even 
to  ftrike  againft  them  fometimes.     And  the  heavier 
(he  globes  are*  the  ftronger  this  ofcillation  is ;   and 
the  greater  they  are,  the  more  is  the  water  agitated 
by  it.     Therefore  to  diminifti  this  ofcillation  of  the 
globes*  I   made  new  ones  of  lead  and  wax,   flicking 
the  lead  in  one  fide  of  the  globe  very  near  its  furface ; 
and  I  let  fall  the  globe  in  fuch  a  manner,  that  as  near 
as  poflible*  the  heavier  fide  might  be  lowefl  at  the  be- 
ginning of  the  defcent.     By  this  means  the  ofcilla- 
tions oecaipe  much  le&  than  before*  and  the  times  in 
which  the  globes  fell  were  not  fo  unequal :  as  in  the 
following  experiments. 

ExPER.  8.  Four  globes  weighing  ijp  grains  in  air 
and  5  J  in  water,  were  let  fall  fevcral  times,  and  fell 
moftly  in  the  time  of  5 1  ofcillations,  never  in  more 
than ,5 z,  pr  in  fewer  th^n  50;  defcribiog  a  height  of 
j8i  inches. 

By  the  theory  they  opght  to  fall  in  about  the  time 
pf  51  ofcillations. 

ExPfiRt 


Digitized  byVjOOQlC 


15+  Mathietridtkal  Trihclpks    BooklL 

ExPfeR.  9.  Four  globes  weighing  273  ^  grains  in 
air*  and  140^  in  water,  being  feveral  times  Jet  fall^ 
fell  in  nevet  fewer  than  12,  and  never  more  than  15 
ofcillations,  defcribing  a  height  of  182  inches. 

Thefe  globes  by  the  theory  ought  to  have  fallen  in 
the  time  of  1 1  f  ofcillations,  nearly. 

ExPER.  10.  Four  globes,  weighing  584  grains  in 
air  and  i  ipf  in  water,  being  let  fall  feveral  times,  fell 
inthe  times  of  17^,  18,  18^,  and  19  ofcillations,  de- 
fcribing a  hdght  of  181  f  inches.  And  when  they 
fell  in  the  time  of  19  ofcillations,  I  fometimes  heard 
them  hie  againft  the  fides  of  the  veffel  before  they 
reached  the  bottom. 

By  the  theory  they  ought  to  have  fallen  in  the  time 
of  If  ^  ofcilktionSi  nearly. 

ExPER.  II.  Thre6  equal  globes,  weighing  48  grains 
in  the  air,  and  5  f  f  in  water,  being  feveral  times  let 
fall,  fell  in  the  times  of  437,  44,  44 1>  45  and  4^ 
ofcillations,  and  moiHy  in  44  and  45  ,  defcribing  a 
height  of  182  inches  |,  nearly. 

By  the  theory  they  ought  to  have  fallen  in  the 
time  of  4<J  ofcillations  and  ^,  nearly. 

ExPER.  12.  Three  equal  globes,  weighing  141  grains 
in  air  and  4i  in  water,  being  let  fall  feveral  times, 
fell  in  the  times  of  <5i,  62,  53,  64  and  55  ofcilla- 
tions, defcribing  a  fpace  of  182  inches. 

And  by  the  theory  they  ought  to  have  fallen  in 
647  ofcillations,  nearly. 

From  thefe  experiments  it  is  manifeft,  that  when  the 
globed  fell  flowly,  as  in  the  fecond,  fourth,  fifth, 
eigiith,  eleventh,  and  twelfth  experiments,  the  times 
pi  falling  are  rightly  exhibited  by  the  theory  ;  but 
when  the  globes  fell  more  fwiftly  as  in  the  fixth, 
ninth,  and  tenth  experiments,  the  refiflance  was  fome- 
what  greater  than  in  the  duplicate  ratio  of  the  veloci- 
ty. For  the  globes  in  falling  ofcillate  a  little ;  and 
this  ofciUation,  in  thofe  globes  that  are  light  and  fall 

flowly. 
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(lowly,  fooft  c«fes  by  the  weaktiefs  of  the  motion  ; 

but  in    greater  and  heavier  globes,  the  motioh  being 

ftrong,  it  continues  longer ;  and  is  not  to  be  checked 

by  the  ambient   water,   till  after  feveral  ofcillations^ 

Belides,  the  more  fwiftly  the  globes  move,  the  lefs  are 

they  pteffed  by  the  fluid  at  their  hinder  })arts;  and  if 

the   velocity  be  perpetually  increafed,    ihey  ^vill  at 

laft  leave  an  empty  fpace  behind  them,  unlefs  the  com^ 

preflion  of  the  fluid  be  ifocreafed  at  the  fame  time. 

For  the  compreflion  of  the  fluid  ought  to  be  increafed 

(by  Prop.  32  and  33.)   ih  the  duplicate  ratio  of  thd 

velocity,  in  order  to  prefefve  the  refiftance  in  the  fame 

duplicate  ratio.     But  becaufi^  this  is  not  done,   the 

globes  that  move  fwiftly  dre  not  fo  much  preffed  at 

their  hinder  parts  as  the  others  >  and  by  the  dcfeSt  of 

this  preflfure  it  comes  to  pafs  that  their  fefiftance  is  t 

little  greater  than  in  a  duplicate  ratio  of  their  veb* 

city. 

So  that  the  theory  agrees  with  the  phenomena  of 
bodies  falling  in  water ;  it  remains  that  we  examine  the 
phenomena  of  bodies  falling  in  aif. 

ExPER.  15.  From  the  top  of  Sr^  Pduts  Church  jn 
Lmcton  in  Juneijio.  there  were  let  fall  t6gethertwo  glaft 
globes,  one  full  of  quickfilver,  the  other  of  air ;  and 
in  their  fall  they  defcribed  a  height  of  220  Englijb  feet. 
A  wooden  table  was  fufpended  upon  iron  hinges  on 
one  fide,  and  the  other  fide  of  the  faifte  was  fupported 
by  a  wooden  pin  The  two  globes  lyirig  upon  this  table 
were  let  fall  together  by  pulling  out  the  pin  by  means 
of  an  iron  wire  reaching  from  thence  quite  down  to 
the  ground  ;  fo  that,  the  pin  being  removed,  the  ta- 
ble, which  had  then  no  fupport  but  the  iron  hinges^ 
fell  downwards ;  and  turning  round  upon  the  hinges, 
gave  leave  to  the  globes  to  drop  off  from  it.  At  the 
fame  inftant,  with  the  fame  pull  of  the  iron  wire  that 
took  out  the  pin,  a  pendulum  ofcrllating  to  feconds 
was  let  gdj  aod  b^an  to  efeillaie.    The  diameters  and 

weights 
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of  the  globes,  and  their  times  of  falling,  arc  exhibited 
in  the  following  table. 


The  globes  filled  loitb  mercury. 


Weights. 


908  Grains 

983 

866 

747 
308 
784 


Diameters. 


Times  in 
falling, 


ofiof  an  inch 

0,8 

0,8 

0,75 

0.75 


4— 
4 

4+ 
4 
14  + 


The  globes  full  of  air. 


Weights.    \x)\0mtun. 


510  Grains 
642 

599 
S«S 
♦83 
641 


5,1  inches 
5.2 

5,0 
S.O 


Timtsvn 
falUng 


8 

8 
84r 


But  the  times  obferved  muft  be  correiSed  >  for  the 
globes  of  mercury  ('by  Galileo's  theory)  in  4  feconds 
of  time,  will  defcribe  257  Englijb  feet,  and  120  feet 
in  only  j"  42'".  So  that  the  wooden  table,  when  the 
pin  was  taken  out,  did  not  turn  upon  its  hinges  fo 
quickly  as  it  ought  to  have  done ;  and  the  flownefs  of 
that  revolution  hindered  the  defcent  of  the  globes  at 
the  beginning*  For  the  globes  lay  about  the  middle 
of  the  table,  and  indeed  were  rather  nearer  to  the  axis 
upon  which  it  turned,  than  to  the  pin.  And  hence 
the  times  of  falling  were  prolonged  about  1 8'" ;  and 
therefore  ought  to  be  correded  by  fubdufting  that  ex- 
cefs,  efpecially  in  the  larger  globes,  which,  by  reafon 
of  the  largenefs  of  their  diameters,  lay  longer  upon 
the  revolving  table  than  the  others.  This  bemg  done,, 
tde  times  in  which  the  fix  larger  globes  fell,  will  come 
forth  8"  12'",  f  42'",  7"  42'",  n"  57"',  8"  12'", 
and/' 42'". 

Therefore  the  fifth  in  order  among  the  globes  that 
were  full  of  air,  being  5  inches  in  diameter,  and  4R3 
grains  in  weight,  fell  in  8"  12"',  defcribing  a  fpace  of 
220  feet.  The  weight  of  a  bulk  of  water  equal  to 
this  globe  is  i5(^oo  grains;  and  the  weight  of  an  equal 
bulk  of  air  is  -f  f  f-  grains,  or  19  ^^  grains  ,•  and  there- 
fore the  weight  of  the  globe  in  vacuo  is  502  i%  grains; 

and 
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and  this  weight  is  to  the  weight  of  a  bulk  of  air 
equal  to  the  globe  as  502  i%  to  19  i%*  and  fo  is  iF  to 
f  of  the  diameter  of  the  globe,  that  is,  to  15  f  indies. 
Whence  2F  becomes  28  feet  11  inches.  A  globe  fal- 
ling in  vacuo' with  its  whole  weight  of  502  i%  grains, 
will  in  one  fecond  of  time  defcribe  193  f  inches  as 
above  5  and  with  the  weight  of  485  grains  will  de- 
fcribe 185,905  inches  ;  and  with  that  weight  485 
grains  in  vacuo  will  defcribe  the  fpace  F  or  14  feec 
f  j;  inches,  in  the  time  of  57"'  58"",  and  acquire  the 
greatefl  velocity  it  is  capable  of  defcending  with  in 
the  ain  With  this  velocity  the  globe  in  8"  12'"  of 
time  will  defcribe  245  feet  and  5  f  inches.  Subduft 
1,3  8(^3 F  or  20  feet  and  j-  an  inch,  and  there  remain 
225  fee^  5  inches.  This  fpace  therefore  the  falling 
globe  ought  by  the  theory  to  defcribe  in  8"  12'". 
But  by  the  experiment  it  defcribed  a  fpace  of  220  feet. 
The  cfifference  is  infenfible. 

By  like  calculations  applied  to  the  other  globes  full 
of  air,  I  compofed  the  following  table. 


JU  mtightt 
ifOtgUu. 

The  diame- 
ters. 

The  times  of 
fallinifrom 
a  height  cf 
220  fott. 

The  fpates  which  they 
mnld  difcribe  by  the 
theory. 

The 

Excejfts. 

642 

5,1  wAtfX 

5>2 

5 

S,2 

8"  12'"  . 
7    42 

7    4« 

226><      II  imhei 
230              9 
227            10 
224.             5 
225              5 
230              7 

efoot 
10 

7 

4 

5 

10 

1 1  imhes 

9 

10 

5 

5 

7 

ExpER-  144  u4vw  17 19.  in  the  month  of  y/^^> 
Dr.  De/agHliers  made  fome  experiments  of  this  kind 
again,  by  forming  hogs  bladders  into  fphaerical  orbs ; 
which  waii  done  by  meatns  of  a  concave  wooden  fphere, 
which  the  bladders,  being  wetted  well  firft,  were  put 
info.  After  that,  being  blowg  full  of  air,  they  were 
1%     '  "  '  ;         obliged 
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obliged  to  fill  up  th^  fphsrical  civi^  thai  contained 

them  ;  and  then*  when  dry,  w^re  taken  o^^    The/e 

were  let  fall  from  the  lantern  on  th^  fop  of  thfi  cupK>la 

of  the  fame  church;  namely,.  ixt>m  a  height  qi  xj2. 

feet  y  and  at  the  fame  moment  of  ciine  ther^  was  lec 

fall  a  leaden  globe  whofe  weight  was  aboyt  %  pounds 

Troj  weight.     And  in  the  mean  time  foim  perfoo^ 

ftanding  in  the  upper  part  of  the  chijKh  where  the 

globes  were  let  fall,  obferved  the  whole  timos  of  ftl* 

ling  ;  and  others  ftat>ding  oo  thtf  ground  obferved  the 

differences  of  the  tinoes  between  the  fall  of  the  le^^ee 

weight,  and  the  fall  of  the  bladder*    The  tiroes  were 

roealured  by  penduHims  ofcill^ting  to  half  fecond^* 

And  one  of  thofe  that  flood  upon  the  ground  had  a 

machine  vibrating  four  times  in  one  fecQn^ ;  and  ^^n- 

other  had  another  machine  accurately  made  with  a  pen* 

dulum  vibrating  four  times  in  a  fecond  alio.     One  of 

thofe  alfo  who  ftood  at  the  top  of  the  church  had  a 

like  machine.     And  thcfe  infirgmeots  were  fo  con* 

trived,  that  their  mQtions   could  be  ftopped  or  re-« 

CSWed  at  pleafure.    Now  the  leaden  globe  fell  in  about 

four  feconds  and  \  of  time  5  and  from  the  addition  of 

this  time  to  the  difF^rence  of  time  above  fpoken  o^ 

was  collefted  the  whole  time  in  which  the  bladder  was 

falling.     The  tidies  which  the  five  bladders  fpcnt  in 

falling  after  the  leaden  globe  had  reached  the  ground 

were  the  firft  time,  I4t">  i^io    14  i"*  lyi"^  ^"d 

i<>f";  and  thefecond  time  I4t",  14^",  14",  ip"and 

x6^\     Add  to  thefe  4:1",  the  time  in  which  the  leaden 

globe  was  falling,  and.  the  whole  times,  in  which  the 

five  bladders  fell,  were,  thefirft  time  ip",  17",  i8|", 

22"  and  ixVi  and  the  fecond  time,  r8^",  i8^',  18  J', 

2 5 1"  and  ^i'^    The  times  obferved  at  the  top  of  the 

church. were,  tbq  firft  timCi  i^i"*  ^l^'^  18^'S  ii^ 

and  ii|';  a#>d  the  fecond  time,   19",  i8|",  i8i", 

24"  and  2  li^'V   Bm  tJhe  Madders  did  oot  always  fall 

•  <Ji. 
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direAly  down,  but  fometimes  fluttered  a  little  in  the 
air,  and  waved  to  and  fro  as  they  were  defcending. 
And  by  thefe  motions  the  times  of  their  falling  were 
prolonged,  and  increafed  by  half  a  fecond  fometimes, 
and  fometimes  by  a  whole  fecond.  The  fecopd  and 
fourth  bladder  fell  moft  dire&ly  the  firfl  time,  and 
the  firft  and  third  the  fecond  time.  The  fifth  bladdei- 
was  wrinkled9  and  by  its  wrinkles  was  a  little  re- 
tarded. I  found  their  diameters  by  their  circumfe- 
rences meafured  with  a  very  fine  thread  wound  about 
them  twice.  In  the  following  table  I  have  compared 
the  experiments  with  the  theory  ;  making  the  denfity 
of  air  to  be  to  the  denfity  of  rain-water  as  i  to8(5o, 
and  computing  the  fpaces  which  by  the  theory  the 
globes  ought  to  defcribe  in  falling. 


The  mights 
4rri. 


156 

i37t 
99i 


The  diame" 
Sirs. 

Thi  timet  of 
fslUng  fro^, 
A  height  ©/ 
272 /m/. 

5,28  '«^« 
5,26 

5 

19'' 

22 

The  fpaces  itrhith  by 
the  theory  ought  to 
have  been  described 
in  thofe  times. 


Z-Jlf*^*   wimhes 

272  O^ 

272 

277 

282 


The  ^ifftrevce  be- 
txoeen  the  theory  ana 
thfi  exjterhpents. 


7 
4 
o 


^-  O  /'<"    I  »«f ^ 

+  0        o!- 
+  0        7 

-fS        4 
-f.  10       o 


Our  theory  therefore  exhibits  rightly,  within  a  very 
iittle,  all  the  refiftance  that  globes  moving  either  in  air 
or  in  water  meet  with  ;  which  appears  to  be  propor- 
tional to  the  denfities  of  the  fluids  in  globes  of  equal 
velocities  and  magnitudes. 

In  the  fcholium  fubjoined  to  the  fixth  fe(ftiofi,  we 
fliewed  by  experiments  of  pendulums,  that  the  refif- 
tances  of  equal  and  equally  (wife  globes  moving  in  air, 
water,  and  quickfilver,  are  as  the  denfities  of  the  fluids. 
We  here  prove  the  fame  more  accurately  by  experi- 
ments of  bodies  falling  in  air  and  water.  For  pendu^ 
Imns  at  each  ofcillation  excite  a  motion  in  the  fluid  al- 

ways 
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w^ys  cdntrary  to  the  motion  of  the  pendulum  in  its 
return  ;  and  the  refiflanct  arifing  from  this  motion>  Mf 
alfo  the  refiftance  of  the  thread  by  which  thependiT^^ 
lum  is  fufpended,  makes  the  vrhole  refiftaoce  ot  a  pen-^ 
dulum  greater  than  the  refiftance  deduced  from  the  ex- 
periments of  falling  bodies.     For  by  the  experiments  of 
pendulums  defcribed  in  th^tt  fchoUum,  a  globe  of  the 
iame  denfity  as  water  in  defcribing  the  ^gth  of  its 
femidiameter  in  air  would  tofc  the-i-^  pafrt  of  its  mo-* 
lion.     But  by  the  theory  delivered  in  this  feventh 
fedfion,  and  confirmed  by  experiments  of  falling  bo* 
dies  9  the  fame  globe  in  defcribing  th6  fame  Itngtfar 
would  lofe  only  a  part  of  its  motion  equal  to  -~ 
fuppofing  the  den^ty  of  water  to  be  .to  the  dienflty  o^ 
air  as  8(^0  to  i*    Therefore  the  refiftances  were  found 

ijreater  by  the  experiments  of  pendulums  (for  the  rea* 
bns  juft  mentioned)  than  by  the  experiments  of  fat- 
ling  gbbes  ;  and  that  in  the  ratio  of  about  4  to  ;•  Btit 
yet  hnce  the  refiftances  of  pendulums  ofcillating  in  air, 
wat^r>  jnd  quickfilver>  are  alike  increafed  by  like 
caufes,  the  proportion  of  the  refiftances  iti  thefe  me- 
,diums  will  be  rightly  enough  exhibited  by  the  experi- 
ments of  pendulums,  as  well  as  by  the  experiments  6f 
falling  bodies.  And  from  all  this  it  may  be  concluded; 
that  the  refiftances  of  bodies,  moving  in  any  fluids 
whatfoever,  tho*  of  the  moft  extreme  fluidity^  are* 
€£tms  parilfHS,  as  the  denfities  of  the  fluids^ 

Thefe  things  being  thus  eftablifhed,  we  may  now 
determine  what  part  of  its  motion  any  globe  projefted 
in  any  fluid  what  foe  ver  would  nearly  lofe  in  a  given 
time.  Let  D  be  the  diameter  of  the  globe,  and  V  its 
vetocity  at  the  beginning  of  its  motion,  and  T  t^e 
tiftie  in  which  a  globe  with  the  velocity  V  can  de- 
jfcribe  in  vacuo  a  fpace  that  is  to  the  fpace  f  D  as  the 
denfity  of  the  globe  to  the  denfity  of  the  fluid  ;  and 
fht  globe  proj^ed  in  that  fiuia  will,  in  any  otl^er 

tim* 
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time  r,  lofe  the  part  ^  ,  the  part  -^3^-  remain- 
ing ;  and  will  defcribe  a  fpac^,  which  may  be  to  that 
defcribed  in  the  fame  time  in  vacuo  whh  the  uni« 
form  velocity  V,  as  the  logarithm  of  the  number 

T+f 

— ?j~ -jffiultiplied  by  the  number  2^502585055  is  to 

the  number  —^  by  cor.  7.  prop.  55.  In  flow  mo- 
tions the  refinance  may  be  a  little  lefs,  becaufe  the 
figure  of  a  globe  is  more  adapted  to  motion  than  the 
figure  of  a  cylinder  defcribed  with  the  fame  diameter. 
\vl  fwift  ipotions  the  refiftance  may  be  a  little  greater* 
becaufe  the  elafticity  and  compreffion  of  the  fluid  do 
not  increafe  in  the  duplicate  ratio  of  the  velocity.  Buc 
ihefe  little  niceties  I  take  no  notice  of. 

And  tho*  air,  water>  quickfilver,  and  the  like  fluids, 

by  the'  divifion  of  their  parts  in  infinitum,  fliould  be 

fubtilized  and  become  mediums  infinitely  fluid ;  ne* 

verthclefs,  the  refiftance  they  would  make  to  projefted 

globes  would  be  the  fame.   For  the  refiftance  confider'd 

m  the  preceding  propofitions,  arifes  from  the  inaftivity 

of  the  matter;  and  the  inadivity  of  matter  is  eflential 

to  bodies,  and  always  proportional  to  the  quantity  of 

matter.     By  the  divifion  of  the  parts  of  the  fluid,  the 

refiftance  arifing  from  the  tenacity  and  friftion  of  the 

parts  may  be  indeed  diminiftied  ;  but  the  quantity  of 

matter  will  not  be  at  all  diminiftied  by  this  divifion; 

and  if  the  quantity  of  matter  be  the  fame,  its  force  of 

inadivity  will  be  the  fame ;  and  therefore  the  refiftance 

here  fpoken  of  will  be  the  fame,  as  being  always  pro^ 

portional  to  that  force.     To  diminifti  this  refiftance^ 

the  quantity  of  matter  in  the  fpaces  thro*  which  the 

bodies  move  muft  be  diminiftied.     And  therefore  the 

ccfeftial  fpaces,  thro*  which  the  globes  of  the  Planets 

?ind  Comets  are  perpetually  paffing  towards  all  parts. 

Vol.  II.  M  with 
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with  the  utmoft  freedom,  and  without  the  leafl:  ienfible 
diminution  of  their  motion,  ^uft  be  utterly  void  of 
any  corporeal  fluid,  excepting  perhaps  fome  extremely 
rare  vapours,  and  the  rays  of  light. 

ProjeAiles  excite  a  motion  in  fluids  as  they  pafs  thro* 
them ;  and  this  motion  arifes  from  the  excefs  of  the 
preflfure  of  the  fluid  at  the  fore -parts  of  the  pro- 
je&ile  above  the  prefTure  of  the  fame  at  thef  hinder 
parts ;  and  cannot  be  lefs  in  mediums  infinitely  fluids 
than  it  is  in  air,  water,  and  quickfllver,  in  proportion 
to  the  denfity  of  matter  in  each.    Now  thb  eftcefs  of 
prefTure  does,  in  proportion  to  its  quantity,  not  only 
excite  a  motion  m  the  fluid,  but  alfo  ads  upon  the 
projedile  fo  as  to  retard  its  motion :  and  therefore  the 
lefiflance  in  every  fluid  is  as  the  motion  excited  by  the 
projedile  in  the  fluid;  and  cannot  be  lefs  in  the  moft 
lubtile  asther  in  proportion  to  the  denfity  of  that  asther^ 
than  it  is  in  air^  water,  and  quickfilvery  in  proportion 
to  the  denfities  of  thole  fluids. 


SEC- 
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SECTION    Vlli- 

Of  motion  propagated  thro''  fluids. 


^RopositioH  XLI.     Theorem  XXXff. 

^  pTeffure  is  not  propagated  thro'  a  fluid  in 
reHilinear  direBionSy  unlefs  where  the  par- 
ticles of  the  fluid  lie  in  a  right  line.  PI.  »• 
Fig.  I. 

if  the  particles  ^  b,  by  d,  Cy  lie  in  a  right  fine>  the 
preffure  may  be  indeed  diredly  propagated  from  4  to 
e ;  but  then  the  particle  e  will  urge  the  obliquely  po- 
fited  particles  /  and  g  obliquely,  and  thofe  particles  / 
and  g  will  hot  fuftain  this  prefTure,  unlefs  they  be  fup* 
ported  by  the  particles  A  and  inlying  beyond  them  ; 
biit  the  particles  that  fupport  them,  are  alfo  prefled 
by  them ;  and  thbfe  particles  cannot  fuHain  that  pref- 
fure, without  being  fupported  by,  ahd  prefflng  iipon» 
thofe  particles  that  lie  ftill  farther,  as  /  a^d  my  and 
fo  on  in  infinitum.  Therefore  the  preffure,  as  foon  as 
it  is  propagated  to  particles  that  lie  out  of  right  lines* 
logins  to  defied  towards  one  hand  and  t'other,  and 
will  be  propagated  obliquely  in  infinitum ;  and  after  it 
has  begun  to  be  propagated  obliquely,  if  it  reaches 
more  diftant  particles  lying  out  of  the  ri^ht  line/  it 
viU  defied  again  on  each  hand ;  apd  this  it  will  do  as 
:  Mz  "        often 
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often  as  it  lights  on  particles  that  do  not  lie  exadly  in  a 
right  line.    Q.E.D. 

CoR.  If  any  part  of  a  preffure,  propagated  thro'  a 
fluid  from  a  given  point,  be  intercepted  by  any  ob- 
ftacle;  the  remaining  part,  which  is  not  intercepted,  will 
defleA  into  the  fpaces  behind  the  obftacle.     This  may 
be  demonftrated  alfo  after  the  following  manner.     Let 
a  preffure  be  propagated  from  the  point  ^  (PL  8.  Fig. 
2.)  towards  any  part,  and,  if  it  be  poflible,  in  redi- 
linear  direftions ;  and  the  obftacle  T^B  CK  being  per- 
forated in  B  C,  let  all  the  preffure  be  intercepted  but 
the  coniform  part  APO^  paffing  thro'  the  circular  hole 
BC.    Let  the  cone  APOJ^t  divided  into  fruftums  by 
the  tranfyerfe  planes  dej  fg^  hi.    Then  while  the  cone 
ABCy  propagating  the  preffure,  urges  the  conic  fruftum 
degf  beyond  it  on  the  fuperficies  de^  and  this  fruftum 
urges  the  next  fruftum  fg  i  h  on  the  fuperficies  fgy  and 
that  fruftum  urges  a  third  fruftum,  and  fo  in  infi- 
nitum ;  it  is  manifeft  (by  the  third  law)  that  the  firft 
fruftum  defg  is,  by  the  reaftion  of  the  fecond  fruftum 
fghi,  as  much  urged  and  preffed  on  the  fuperficies 
fgy  as  it  urges  and  preffes  that  fecond  fruftum.    There- 
fore the  fruftum  ^^^/ is  compreffed  on  both  fides,  that 
is,  between  the  cont  Ade  and  the  fm^umfhig;  and 
therefore    (by  cafe  6.  prop,  ip.)    cannot  preferve  its 
figure,  unlffs  it  be  compreffed  with  the  fame  force  on 
all  fides.     Therefore  with  the  fame  force  with  which  it 
is  preffed  on  the  fuperficies  de,  fgj  it  will  endeavour 
to  break  forth  at  the  fides  dfi  eg ;  and  there  (being 
not  in  the  leaft  tenacious  or  hard,  but  perfedly  fluid) 
it  will  run  out,   expanding  itfelf,  unlefs  there  be  an 
ambient  fluid  oppofing  that  endeavour.     Therefore, 
by  the  effort  it  makes  to  run  out,  it  will  prefs  the  am- 
bient fluid,  at  its  fides  dfj  eg^  with  the  fame  force  that 
it  does  the  fruftum/^ A i;  and  therefore  the  preffure 
will  be  propagated  as  much  from  the  fides  df^  eg  into 
the  fpaces  NO^  KL  this  way  and  dbac  way,  as  it 
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is  propagated  from  the  fuperficies  fg  towards  PO. 

Proposition  XLII.   Theorem  XXXIII. 

All  motion  propagated  thro'  a  fluids  diverges 
from  a  reBt linear  progrefs  into  the  unmoved 
fpaces.     PI.  8.  Fig.  3. 

Case  i.  Let  a  motion  be  propagated  from  the 
point  A  thro'  the  hole  B  C,  and,  it  it  be  poffible,  let 
it  proceed  in  the  conic  fpace  B  CQ^P  according  to  right 
lines  diverging  from  the  point  A.  And  let  us  firft  fup- 
pofc  this  motion  to  be  that  of  wavei  in  the  furface  of 
ftanding  water  5  and  let  de^  fg^  hi^  kj^  8cc.  be  the  tops 
of  the  feveral  waves,  divided  from  each  other  by  as 
many  intermediate  valleys  or  hollows.  Then,  becaufe 
the  water  in  the  ridges  of  the  waves  is  higher  than  in 
the  unmoved  parts  of  the  fluid  KLy  NOy  it  will  run 
down  from  off  the  tops  of  thofe  ridges  ^,  g^  i,  /,  &c. 
d,f3  h,l^  &c.  this  way  and  that  way  towards  KL  and 
NO ;  and  becaufe  the  water  is  more  depreffed  in  the 
hollows  of  the  waves  than  in  the  unmoved  parts  of  the 
fluid  KL^  NO,  it  will  run  down  into  thofe  hollows 
out  of  thofe  unmoved  parts.  By  the  firft  deflux  the 
ridges  of  the  waves  will  dilate  themfelves  this  way  and 
that  way,  and  be  propagated  towards  K  L  and  NO. 
And  becaufe  the  motion  of  the  waves  from  A  towards 
PO  is  carried  on  by  a  continual  deflux  from  the  ridges 
of  the  waves  into  the  hollows  next  to  them  ;  and 
therefore  cannot  be  fwifter  than  in  proportion  to  the 
celerity  of  the  defcent ;  and  the  defcent  of  the  water 
on  each  fide  towards -STL  and  NO  muft  be  performed 
with  the  fame  velocity  ;  it  follows,  that  the  dilatation 
of  the  waves  on  each  fide  towards  KL  and  NO  will 
be  propagated  with  the  fame  velocity  as  the  waves  them-^ 
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felves  go  forward  with,  dircftly  from  j4  to  PQ.  And 
therefore  the  whole  fpace  this  way  and  that  way  to- 
wards iSCL  and  NO  will  be  filled  by  the  dilated  waves 
rfgTy  shisj  tkjh  vmnv,  &c.  Q^E.Dp  Th^t  th^fc 
things  are  fo,  any  one  may  find  by  making  the  experi- 
mpnt  in  ftill  water. 

Case  z.  I-et  us  fpppofe  that  d^^  /^,  hij  kj»  mn, 
reprefent  pulfes  fucceffivdy  propagated  from  the  point 
j4  thro*  an  elaftic  medium.  Conceive  the  pulfes  to  be 
propagated  by  fucceffive  condenfations  and  rarefaftions 
of  the  medium,  fo  that  the  denfeft  part  of  every  pulfe 
may  occupy  a  fphaerical  fuperficies  defcribed  about  the 
centre^,  and  that  equal  intervals  intervene  between  the 
fucceiflive  pplfes.  Let  the  lines  de^  fgy  hh  kjy  &c. 
reprefent  the  denfeft  parts  of  the  pulfes,  propagated 
thro'  the  hole  BC;  and  becaufe  the  medium  is  penfer 
there,  than  in  the  (paces  on  either  fide  towards  ^L  and 
NO,  it  will  dihte  itfelf  as  well  towards  tHofe  fpacips 
KL,  NO  on  each  hand,  as  towards  the  rare  intervals 
between  the  pulfes ;  arid  thence  the  medium  becoming 
always  more  rare  next  the  intervals,  and  more  denfe  next 
the  pulfes,  will  partake  of  their  motion.  And  becaufe  the 
progreflive  motion  of  the  pulfes  arifes  from  the  perpe- 
tual relaxation  of  the  denfer  parts  towards  the  antece- 
dent rare  intervals ;  and  fince  the  pulfes  will  relax 
themfejves  on  each  hand  towards  the  quiefcent  parts  of 
the  medium  KL3  NOy  witH  very  near  the  fame  ce- 
lerity ;  therefore  the  pulfes  will  dilate  themfelves  on  all 
fides  into  the  unmoved  parts  KLy  NOy  with  almoft 
the  fame  celerity  with  wnich  tliey  are  propagated  di- 
redly  from  the  centre  ji ;  and  therefore  wfll  fill  up 
the  whole  fpace  KLON.  O.E.D.  And  we  find 
the  fame  by  experience  alfo  irTfounds,  which  are  heard 
tho*  a  mountain  interpofe  ;  and  if  they  come  iqtb  a 
fhaipber  thro*  the  window,  dilate  themfelves  into  all 
^he  parts  of  the  room,  and  are  heard  in'  every  C6mcr  ; 
and  not  as  refle<fted  from  the  oppbfite  walls,  but  di- 
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redly  propagated  from  the  window,  as  far  as  our  fenfe 
can  judge. 

Case  3.  Let  us  fuppofe  laftly»  that  a  motion  of 
any  kind  is  propagated  from  A  thro'  the  hole  B  C. 
Then  fince  tne  caufe  of  this  propagation  is>  that  the 
parts  of  the  medium  that  are  near  the  centre  j4  difturb 
and  agitate  thofe  which  lie  farther  from  it;  and  fince 
the  parts  which  are  urged  are  fluid,  and  therefore  re- 
cede every  way  towards  thofe  fpaces  where  they  are 
lefs  preffed,  they  will  by  confequence  recede  towards 
all  the  parts  of  the  quiefcent  medium ;  as  well  to  the 

Earts  on  each  hand,  as  KL  and  NOy  as  to  thofe  right 
efore  as  PQj  and  by  this  means  all  the  motion,  as 
foon  as  it  has  paifed  thro'  the  hole  B  C,  will  be^in  to 
dilate  itfelf,  and  from  thence,  as  from  its  principle 
and  centre,  will  be  propagated  direSly  every  way« 
Q.E.D. 

Proposition  XLIIL  Theorem  XXXIV. 

Every  tremulous  Body  in  an^  elaftic  medium 
propagates  the  motion  of  the  pulfes  on  every 
fide  right  forward ;  but  in  a  tkon-elafiic  mem 
dium  excites  a  circular  motion. 

Case  i.  The  parts  of  the  tremulous  body  alternated 

ly  going  and  returning,  ^o  in  going  urge  and  drive 

before  them  thofe  parts  of  the  medium  that  lie  neareft, 

ahd  by  that  impulie  ^omprefs  and  condenfe  them  ;  and 

in  returning  iuffer  thofe  compreffed  parts  to  recede 

zgian  and  e^^pand  themfelves.    Therefore  the  ps^s  of 

the  medium  ths^t  lie  neareft  tq  the  tremulous  body, 

move  to  and  fro  by  turns,  in  like  manner  as  the  parts 

of  the  tremulous  body  itfelf  do  5   and  (or  the  fame 

caufe  that  the  parts  Qt  this  bodj^  agitj^tc  thefe  parts  of 

the  medium,  thefe  parts  being  agitated  by  like  tremors, 
"-■-•-  III  ^  ~      wilj 
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will  in  their  turn  agitate  others  next  to  themfelves,  and 
thefe  others  agitated  in  like  manner,  will  agitate  thafe 
that  lie  beyond  them,  and  fo  on  in  infinitum.     And 
in  the  fame  manner  as  the  firft  parts  of  the  medium 
were  condenfed  in  going,  and  relaxed  in  returning,  fo 
will  the  other  parts  be  condenfed  every  time  they  go,  and 
expand  themfelves  every  time  ihey  return.     And  there- 
fore thev  will  not  be  all  going  and  all  returning  at  the 
fame  inftant,  (for  in  that  cafe  they  would  always  pre* 
ferve  determined  diftances  from  each  other,  and  there 
could  be  no  alternate  condenfation  and  rarefaftion ;)  but 
fince  in  the  places  where  they  are  condenfed,  they  ap- 
proach to,  and  in  the  places  where  they  are  rarefied, 
recede  from,  each  other ;  therefore  fome  of  them  will 
be  going  while  others  are  returning ;  and  fo  on  in  infi- 
nitum.    The  parts  fo  going,  and  in  their  going  con- 
denfed, are  pulfes,  by  reafon  of  the  progremve  motion 
with  which  they  ftrike  obftades  in  their  way  ;    and 
therefore  the  fucceffive  pulfes  produced  by  a  tremulous 
body,  will  be  propagated  in  redilineardireftions ;  apd 
that  at  nearly  equal  diftances  from  each  other,  becaufe 
of  the  equal  intervals  of  time  in  which  the  body,  by 
its  feveral  tremors,  produces  the  feveral  pulfes.     And 
•tho*  the  parts  of  the  tremulous  body  go  and  return  in 
fome  certain  and  determinate  direftion,  yet  the  pulfes 
propagated  from  thence  thro'  the  medium,   will  dilate 
"themfelves  towards  the  fides,  by  the  foregoing  propo- 
rtion ;  and  will  be  propagated  on  all  fides  from  that 
tremulous  body,  as  from  a  common  centre,  in  fuperficies 
nearly  fphaerical  and  concentricaU     An  example  of  this 
we  have  in  waves  excited  by  (haking  a  finger  in  water, 
which  proceed  not  only,  forwards  and  backWards^ agree- 
ably to  the  motion  of  the  finger,  but  fpread  themfelves 
in  the  manner  of  contentrical<ii'clcs  all  round  the  fin- 
ger, and  are  propagated  on  every  fide.   For  the^mvity 
gf  th(  wat^r  fupplies  the  place  of  claftic  force. 
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Case  2.  If  the  medium  be  not  elaftic,  then,  be- 
caufe  its  parts  cannot  be  condenfed  by  the  preflure  ari- 
fing  from  the  vibrating  parts  of  the  tremulous  body, 
the  motion  will  be  propagated  in  an  inftant  towards  the 
parts  where  the  medium  yields  moft  eafily,  that  is,  to 
the  parts  which  the  tremulous  body  leaves  for  fome 
time  vacuous  behind  it.  The  cafe  is  the  fame  with 
that  of  a  body  projefted  in  any  medium  whatever.  A 
medium  yielding  to  projediles  does  not  recede  in  infi- 
nitum, but  with  a  circular  motion  comes  round  to  the 
fpaces  which  the  body  leaves  behind  it.  Therefore  as 
often  as  a  tremulous  body  tends  to  any  part,  the  me- 
dium yielding  to  it  comes  round  in  a  circle  to  the  parts 
which  the  body  leaves ;  and  as  often  as  the  body  re- 
turns to  the  firft  place,  the  medium  will  be  driven  from 
the  place  it  came  round  to,  and  return  to  its  original 
place.  And  tho'  the  tremulous  body  be  not  firm  and 
hard,  but  every  way  flexible ;  yet  if  it  continue  of  a 
given  magnitude,  finceit  cannot  impel  the  medium  by 
its  tremors  any  where  without  yielding  to  it  fomewhere 
dfe;  the  medium  receding  from  the  parts  where  it  is 
preffed,  will  always  come  round  in  a  circle  ta  the  parts 
that  yield  to  it.    Q.  E.  Z>. 

Cor.  'Tis  a  miftakc  therefore  to  think,  as  forae 
have  done,  that  the  agitation  of  the  parts  of  flame  con- 
duces to  the  propagation  of  a  preffure  in  redilinear  di- 
redions  thro*  an  ambient  medium.  A  preffure  of  that 
kind  muft  be  derived,  not  from  the  agitation  only  of 
-  the  parts  of  Hame,  but  from  the  dilatation  of  the  whole* 
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Proposition  XLIV.  Theorem  XXXV, 
If  water  afcend  and  defcend  alternately  in  the 
ereEted  legs  KL,  MN  of  a  canal  or  pipe  *y 
and  a  pendulum  be  confiruEiedy  whpfe  length 
between  the  point  Qf  fufpenjion  and  the  cen- 
tre  of  ojcillation  is  equal  to  half  the  length 
of  the  water  in  the  canal :  I  fay^  that  the 
water  will  afcend  and  defcend  in  the  fame 
times  in  which  the  pendulum  ofcillates.  PL  8. 

Fig.4v 

I  mcafure  ihc  length  of  the  water  along  the  axes  of 
the  canal  and  its  legs,  and  make  it  equal  to  the  fum  of 
thofe  axes ;  and  take  no  notice  of  the  refiftance  of  the 
water,  arifing  from  its  attrition  by  the  fides  of  the 
;  canaK  Let  therefore  ABj  CD  reprefent  the  mean 
height  of  the  water  in  both  legs ;  and  when  the  water 
in  the  leg  KL  afcendsto  the  height  EF,  the  water  will 
defcend  in  the  leg  MN  to  the  height  GH.  Let  P  be 
a  pendulous  body,  FP  the  thread,  /^the  point  of  fuf- 
pcnljon,  RPOS  the  cycloid  which  the  pendukim  de- 
fcribes,  P  its  loweft  point,  PO^an  arc  equal  to  the 
height  AE.  The  forces  with  which  the  motion  of  the 
water  is  accelerated  and  retarded  alternately,  is  the  ex- 
cefs  of  the  weight  pf  the  water  in  one  leg  above  the 
weight  in  the  other ;  and  therefore,  when  the  water  in 
the  leg  KL  afcends  to  £  J,  and  ini  the  othe^  1^  de- 
fcends  to  G/f,  that  force  is  double  the  weight  of  the 
water  £^BF,  and  therefore  is  to  the  weight  of  the 
whole  water  as  AE  or  PQ^  to  VP^  or  PR.  The  force 
alfo  with  which  the  body  P  is  accelerated  or  retarded  in 
any  place  as  ^  of  a  cycloid,  is  (by  cor.  prop*  51.) 
to  its  whole  weight,  as  its  diftance  POjrom  the  loweft 
place  P  to  the  length  PR  of  the  cycloid.  Therefore 
the  motive  forces,  of  the  water  and  pendulumji  defcri^ 

bipg 
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•bing  the  equal  fpaces  AE^  P^are  as  the  weights  to 
be  moved  ;  and  therefore  if  the  water  and  pendulum 
are  quiefccnt  at  firft,  thofe  forces  will  move  them  in 
equal  tiineS)  and  will  caufe  them  to  go  and  return  to^ 
get  her  with  a  reciprocal  motion.     O.  E.  D. 

Cor.  I.  Therefore  the  reciprocations  of  the  water 
in  afcendiflg  and  defcending,  are  all  performed  in  equal 
times,  whether  the  motion  be  more  or  lefs  intenfe  or 
remifs« 

Cor.  2.  If  the  length  of  the  whole  water  in  the  canal 
lot  of  6^  feet  of  French  meafure,  the  water  will  dc- 
fcend  jnone  fecond  of  time,  and  will  afcend  in  another 
iecond,  and  fo  on  by  turns  in  infinitum  ;  for  a  pendu- 
lum of  3  f^  fuch  feet  in  length  will  ofcillate  in  one  fe- 
cond of  time. 

Cor.  5.  But  if  the  length  of  the  water  be  increafcd 
or  diminished,  the  time  of  the  reciprocation  will  be 
ihcirafed  or  diminiflied  in  the  fubduplicate  ratio  of  the 
length. 

Proposition  XLV.  Thjiorem  XXXVL 

The  njelocity  of  waves  is  in  the  fubdufUcatt 
ratio  of  the  breadths. 

This  JoUowsfrom  the  conftruftion  of  fhe  (oUpwing 
propofition.   '       ^  " 

Proposition  XL VI.     Problem  X. 
To  find  the  velocity  of  waves. 

^  tet  a  pendulum  be  conftruded»  vhof^  length  be- 
tween the  point  of  fufpenfion  and  the  centre  of  ofcil- 
lation  is  equal  to  the  breadth  of  the  waves  ;  and  in  the 
time  that  the  pendulurn  will  p^rforni  ooe  (ipgle  ofcil- 
" '"'    "     *  latio/i| 
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kcioii,  tlie  waves  will  advance  forward  nearly  a  fpace 
equal  to  their  breadth. 

That  which  I  call  the  breadth  of  the  waves  is  the 
tranfverfe  meafure  lying  between  the  deepeft  part  of 
the  hollows,  or  the  tops  of  the  ridges.  Let  ABCDEF 
i?L%.  Fig.^.)  reprefent  the  furface  of  ftagnant  water 
.afcending  and  defcending  in  fucceffive  waves  >  and  let 
jfy  C,  £,  &c.  be  the  tops  of  the  waves ;  and  let 
ByD^Fi  &c.  be  the  intermediate  hollows.  Becaufe  the 
motion  of  the  waves  is  carried  on  by  the  fucceiOiive  af- 
cent  and  defcent  of  the  water,  fo  that  the  parts  thereof, 
as  AjC^Ey  &CC.  which  are  higheftat  onetime,  become 
loweft  immediately  after  ;  and  becaufe  the  motive 
-force,  by  which  the  higheft  parts  defcend  and  the  low- 
eft  afcend,  is  the  weight  of  the  elevated  water,  that  al- 
ternate afcent  and  defcent  will  be  analogous  to  the  re- 
ciprocal motion  of  the  water  in  the  canal,  and  obferve 
the  fame  laws  as  to  the  times  of  its  afcent  and  defcent; 
and  therefore  (by  prop.  44.)  if  the  diftanccs  between 
the  higheft  places  of  the  waves  u4,  C,  £,  and  the  loweft 
By  D,  F,  be  equal  to  twice  the  length  of  any  pendu- 
lum, the  higheft  parts  jiyCyE^  will  become  the  loweft 
in  the  time  of  one  ofcillation,  and  in  the  time  of  an- 
other ofcillation  will  afcend  again.  Therefore  between 
the  paflage  of  each  wave,  the  time  of  two  ofcillations 
will  intervene ;  that  is,  the  wave  will  defcribe  its 
breadth  in  the  time  that  pendulum  will  ofcillate  twice ; 
but  a  pendulum  of  four  times  that  length,  and  which 
therefore  is  equal  to  the  breadth  of  the  waves,  will  juft 
ofcillate  once  in  that  time.     O.E.L 

CoR.  I.  Therefore  waves,   whofe  breadth  is  eqnzX 
to  5  j*g  Frcffch  feet,  will  advance  thro*  a  fpace  equal 
to  their  breadth  in  one  fecond  of  time  ;  and  therefore 
in  one  minute  will  go  over  a  fpace  of  185  ^  feet;  and 
in  an  hour  a  fpace  of  1 1000  feet,  nearly. 

Cor.  2.  And  the  velocity  of  greater  or  lefs  waves  will 
be  augmented  or  diminiihed  in  the  fubduplicate  ratio  of 
their  breadth.  Theft 
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Thefe  things  are  true  upon  the  fuppofition,  tbac 
the  parts  of  water  afcend  or  defcend  in  a  right  line ; 
but  in  tru;h,  that  afcent  and  defcent  is  rather  performed 
in  a  circle ;  and  therefore  I  propofe  the  time  defined  bj 
this  propofition  as  only  near  the  truth. 

Proposition  XLVII.Theorem  XXXVII. 

If  pulfes  are  propagated  thro'  a  fluid j  the  fe- 
ijeral  particles  of  the  fluids  S^ing  and  re^ 
turning  with  the  fhorteft  reciprocal  motion^ 
are  always  accelerated  or  retarded  according 
to  the  law  of  the  ofcillating  pendulum.  PL  9* 
Fig.  I. 

Let  jiBy  B  C,  CD,  &c.  reprefent  equal  diftances  of 
fucceffive  pulfes  ;  j^BC  the  line  of  diredion  of  the 
motion  of  the  fucceffive  pulfes,  propagated  from  yi  to 
B  ;  £,  Fy  G  three  phyfical  points  of  the  quiefcent  me- 
dium (ituate  in  the  right  line  -/^C  at  equal  diftances 
from  each  other ;  Ee^  Ff,  Gg  equal  fpaces  of  extreme 
fliortnefs,  thro*  which  thofe  points  go  and  return  with 
a  reciprocal  motion  in  each  vibration  ;  $>  <p>  y  any  in- 
termediate places  of  the  fame  points;  and  EFy  FG 
phyfical  lineolx,  or  linear  parts  of  the  medium  lying 
between  thofe  points,  and  fucceffively  transfer'd  into 
the  places  tq),  q)y,  and  efyfg.  Let  there  be  drawn 
the  right  line  PS  equal  to  the  right  line  Ee.  Bifeft 
the  fame  in  O,  and  from  the  centre  O,  with  the  inter- 
val OPy  defcribe  the  circle  SI  Pi.  Let  the  whole 
time  of  one  vibration,  with  its  proportional  parts,  be 
expounded  by  the  whole  circumference  of  this  circle 
and  its  parts;  in  fuch  fort,  that  when  any  time  PHot 
PHSh  is  compleated,  if  there  be  let  fall  10  PS  the 
perpendicular  HL  or  /?/,  and  there  be  taken  E%  equal 
10  PL  ox  Pli  the  phyfical  point  E  may  be  found  in  «. 
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A  point  as  £  moving  according  to  this  law  with  a  re- 
ciprocal motion,  in  its  going  from'  E  thro*  e  to  r,  and 
returning  again  thro*  i  to  £,  will  perform  its  feveral 
vibrations  with  the  fame  degrees  of  acceleration  and  re- 
r»-dation  with  thofe  of  an  ofcillating  pendulum*  We. 
are  now  to  prove,  that  the  feveral  phyfical  points  of 
the  medium  will  be  agitated  with  fuch  a  kind  of  mo- 
tion»  Let  us  fuppofe  then,  that  a  medium  hath  fuch 
z  motion  excited  in  it  from  any  caufe  whatfoever,  and 
confider  what  will  follow  from  thence. 

In  the  circumference  PHSh  let  there  be  takeii  tlie 
equal  arcs  HlylK,  or  hi,  ik^  having  the  fame  ratio 
to  the  whole  circumference  as  the  equal  right  lines  EF^ 
FG  have  to  B  C  the  whole  intcr^^al  of  the  pulfes.  Let  ! 
fall  the  perpendiculars  IMyKNox  im,  kjt ;  then  be- 
caufe  the  points  E^F^G  are  fucceffively  agitated  with 
like  motions,  and  perform  their  entire  vibrations  com- 
pofed  of  their  going  and  return,  while  the  pulfe  is 
transferred  from  B  to  C  i  if  PH  or  PHSh  be  the  time 
etapied  fince  the  beginning  of  the  motion  of  the  point 
E,  then  will  PI  or  PHSi be  the  time ekpfed  fince  the 
beginning  of  the  motion  of  the  point  F,  and  PK  or 
PHSk^  the  time  elapfed  fince  the  beginning  of  the 
motion  of  the  point  G ;  and  therefore  £f,  -Fq>,  Gy 
will  be  refpeftively  equal  to  PL,  P M^  PNy  while 
the  poihts  are  going,  and  to  PljPmyPn,  when  the 
points  are  returning.  Therefore  «y  or  fG-j-Gy  — 
E%  wHl,  when  the  points  are  going>  be  equal  to  £G 
—  LA^,  atid  in  their  return  equal  to  EG-Y-ln.  But 
ty  is  the  breadth  dr  expanfion  of  the  part  £Cj  of  the 
medium  in  the  place  s  /  i  and  therefore  the  expanfioa 
of  that  part  in  its  going,  is  to  its  mean  expanfion  as 
EG  —  LiVto  EG  i  and  in  its  return  as  £G-^-/»or 
EG-\-LNto  EG.  Therefore  fince  LN is  to  KH 
as  IM  to  the  radius  O?,  and  KH  to  EG  z%  the  cir- 
cumference PHSh P  to  BC;  that  is,  if  we  put  V  for 
the  radius  of  a  circle  whofe  circumference  is  equal  to 

BC 
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BC  the  interval  of  the  pulfes,  as  OP  to  V ;  and,  ex 
4fi^Oy  LI^ to  EG  as  lAdtoY;  thecxpanfion  of  the 
part  £C?  or  of  the  phy ileal  point  F  in  the  place  ty 
to  the  mean  expanfion  ot  the  fame  part  in  its  farft  place 
EG,  will  be  as  V— /ilf  to  V  in  going,  and  as  YA-^im 
to  V  in  its  return.  Hence  the  elattic  force  ot  the 
point  JF  in  the  place  ty  to  its  mean  elaftic  force  in  the 

place  JE  G,  is  as  ■  ■  to  —  in  its  going,   and  as 

:rT^ — : —  to  -=77  in  its  retum.    And  by  the  fame  reafon- 
V-^j-#iw       V  ' 

ing  the  elaftic  forces  of  the  phyfical  points  £  and  (7  ia 
going,  afe  as  :^^~^  and  yj^^to-^?  and  the 

difference  of  the  forces  to  the  mean  elaftic  force  of  the 

,.  _                             HL—KN 
xnediuito*  as 

'    yy--yxHL—YxKj\r-\-HLxKj\r 

to   —  5  that  IS,  as  — —- ^o  y*  or  as  HL  — 

KNto  V  ;  if  we  fuppofe  (by  reafon  of  the  very 
fhort  extent  of  the  vibrations)  HL  and  KNto  be  in- 
definitely lefs  than  the  quantity  V.  Therefore  fince 
the  quantity  V  is  givetl,  the  difference  of  the  forces  is 
z%HL  —  KNi  that  is,  (becaufe  HL — KN\s  pro- 
portional to  HKy  md  OM  to  01  or  OP;  and  becaufe 
HK  and  O?  are  given)  zs  OM;  that  is,  if  Ff  be 
bifeded  in  n,  as  il  (p.  And  for  the  fame  reafon  the  dif- 
ference of  the  elaftic  forces  of  the  phyfical  points  « 
and  y  in  the  retum  of  the  phyfical  lineola  «y,  is  as 
SI  O.  But  that  difference  (that  is,  the  excefs  of  the 
elaftic  force  of  the  point  t  above  the  elaftic  force  of 
the  point  7)  is  the  very  force  by  which  the  inter- 
vening phyfical  lineola  sy  of  the  medium  is  accele- 
rated in  going,  and  retarded  in  returning ;  and  there- 
fore the  accdcrative  force  of  the  phyfical  lineola  i  y  is 
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as  its  diftance  from  a  the  middle  place  of  the  vibra* 
tion.  Therefore  (by  prop.  58.  book  i.)  the  time  is 
rightly  expounded  by  the  arc  ?/;  and  the  linear  part 
of  the  medium  t  y  is  moved  according  to  the  law  above- 
mentioned,  chat  is,  according  to  the  law  of  a  penduluna 
ofcillating  j  and  the  cafe  is  the  fame  of  all  the  linear 
parts  of  which  the  whole  medium  is  compounded., 
Q.E.D. 

CoR.  Hence  it  appears  that  the  number  of  the  pulfes 
propagated  is  the  fame  with  the  number  of  the  vibra- 
tions of  the  tremulous  body,  and  is  not  multiplied  in 
their  progrefs.  For  the  phyfical  lineola  t  y  as  foon  as 
it  returns  to  its  firft  place  is  at  reft ;  neither  will  ic 
move  again,  unlefs  it  receives  a  new  motion,  either 
from  the  impulfe  of  the  tremulous  body,  or  of  the 
pulfes  propagated  from  that  body.  As  foon  therefor© 
as  th^  pulfes  ceafe  to  be  propagated  from  the  tremulous 
body,  it  will  return  to  a  ftate  of  reft ;  and  move  no 
more. 

Proposijion  XLVIII.  Theorem  XXXVIIL 
The  velocities  of  pulfes  propagated  in  an  elajiic 
fluid,  are  in  a  ratio  compounded  of  the  fulh 
duplicate  ratio  of  the  elaftic  force  direBly^ 
and  the  fubduplicate  ratio  of  the  denfity  in- 
verfely-,  fuppoftng  the  elaftic  force  of  the 
fluid  to  be  proportional  to  its  condenfation. 

Case  i.  If  the  mediums  be  homogeneous,  and  the 
diftances  of  the  pulfes  in  thofe  mediums  be  equal  amongft 
ihemfelves,  but  the  motion  in  one  medium  is  more  in- 
tenfethan  in  the  other  :  the  contraftions  and  dilatations 
of  the  correfpondent  parts  will  be  as  thofe  motions. 
Not  that  this  proportion  is  perfeftly  accurate.  How- 
ever, if  the  contraftions  and  dilatations  are  nor, ex- 
ceedingly intenfe,  the  error  will  not  be  fenfible  ;  and 

there- 
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therefore  this  proportion  may  be  confider'd  as  phyfi-* 
cally  exaft.  Now  the  motive  elaftic  forces  are  as  the 
contractions  and  dilatations ;  and  the  velocities  gene-^ 
rjited  in  the  fame  time  in  equal  parts  are  as  the  forcesi 
Therefore  equal  and  correfpondmg  parts  of  correfpond- 
ing  pulfcs  will  go  and  return  together,  thro*  fpaces  pro- 
portional to  their  contradions  and  dilatations,  witH 
velocities  that  are  as  thofe  fpaces:  and  therefore  th^ 
pulfes,  which  in  the  time  of  one  going  and  returning 
advance  forwards  a  fpace  equal  to  their  breadth,  and 
^re  always  fucceeding  into  the  places  of  the  pulfes  thaf 
immediately  go  before  them,  will,  by  reafoit  pf  the 
cquahty  of  the  diftances,  go  forward  in  both  mediums 
with  equal  velocity. 

Case  2.  If  the  diftances  of  the  'pulfes  or  their 
lengths  are  greater  in  one  medium  than  in  another;  lee 
us  fuppofe  that  the  correfporident  parts  defcribe  fpaccsi 
in  going  and  returning,  each  time  proportional  to  the 
breadths  of  the  pulfes :  then  will  their  contradions 
and  dilatations  be  equal.  And  therefore  if  the  mediums 
are  homogenebus,  the  motive  elaftic  forces,  which  agi- 
tate them  with  a  reciprocal  motion,  wil)  be  equal  alfo. 
Now  the  matter  to  be  moved  by  thefe  forces  is  as  the 
hreadth  of  the  pulfes ;  and  the  fpace  thro'  which  they 
move  every  time  they  go  and  return^  is  in  the  fame 
ratio.  And  moreover,  the  time  of  one  going  and  return- 
ing, is  in  a  ratio  compounded  of  the  fubduplicate  ratio 
ot  the  matter,  and  the  fubduplicate  ratio  of  the  fpace} 
and  therefore  is  as  the  fpace.  But  the  pulfes  advance 
t  fpace  equal  to  their  breadths  in  the  times  of  going 
once  and  returning  once,  that  is,  they  go  over  fpaces 
proportional  to  the  times  j  and  therefore  are  equally 
Iwift; 

Case  5j.  And  therefore  in  mediums  of  equal  denfity 
and  elaftic  force,  all  the  pulfes  areequatly  fwifr.  Now 
if  the  denfity  or  the  elaftic  force  of  the  medium  were 
augmented,  then  becaufe  the  motive  force  is  increafed 
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in  the  ratio'  bf  the  elaftic  force,  and  the  matter  to  be 
moved  is  increafed  in  the  ratio  of  the  denfity ;  the  time 
which  is  necelTary  for  producing  the  fame  motion  as 
before,  will  be  increafea  in  the  fubduplicate  ratio  of 
the  denfity,  and  will  be  diminished  in  the  fubduplicate 
ratio  of  the  elaftic  forces  And  therefore  the  velocity 
of  the  pulfes  will  be  in  a  ratio  compounded  of  the  ful>- 
duplicate  ratio  of  the  denfity  of  the  toedium  inverfely^ 
and  the  fubduplicate  ratio  of  the  elaftic  force  diredly^ 
Q^E.D. 

This  propofition  will  be  made  more  clear  from  th« 
conftruftion  of  the  following  problem. 

Proposition  XLIX.     Problem  XL 

The  denfity  and  elaftic  force  of  a  mediufn  being^ 
giveriy  to  find  the  velocity  of  the  pulfes. 

Suppofe  the  medium  to  be  prefs'd  by  an  incumbent 
weight  after  the  manner  of  our  air ;  and  let  A  be  the 
height  of  a  homogeneous  medium,  whofe  weight  is  equal 
to  the  incumbent  weight  and  whofe  denfity  is  the 
feme  with  the  denfity  of  the  coropreffed  medium  vet 
which  the  pulfes  are  propagated.  Suppofe  a  pendulum 
to  be  conftrufted,  whofe  length  between  the  point  of 
fufpenfion  and  the  centre  of  ofcillation  is  A  :  and  in- 
the  time  in  which  that  pendulum  will  perform  one  eti-' 
tire  ofcillation  compofed  of  its  going  and  returning^ 
the  pulfe  will  be  propagated  right  onwards,  thro*  a* 
fpace  equal  to  the  circumference  of  a  circle  defcribed 
with  the  radius  A. 

For  letting  thofe  things  ftand  which  were  conftruft- 
edin  Prop.  47.  if  any  phyficalline  as  £-F  (P/.^.  Tig^ 
I.)  defcribiog  the  fpace  ?^  in  each  vibration,  be 
a<aed  on  in  the  extremities  ?  and  S  of  every  going  and 
return  that  it  makes  by  an  elaftic  force  that  is  equal 
10  its  weight  j  it  will  perform  its  feveral  vibrations  in 
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the  time  in  which  the  fame  might  ofcillatc  in  a  cycloid, 
whofc  whole  perirtietcr  is  equal  to  the  length  PS :  and 
that  becaufe  ccjual  forces  wiH  impel  equal  corpufcles 
thro*  equal  fpaces  in  the  famfe  or  equal  times.     There- 
fore fince  the  times  of  the  ofcillations  are  in  the  fubdu-^ 
plicate  ratio  of  the  lengths  of.  the  pendulums,  and  the 
length  of  the  pendulum  is  equal  to  half  the  arc  of  thd 
whole  cycloid ;  the  tiniie  of  one  vibration  would  be  to 
the  time  of  the  ofcillation  of  a  pendulum,  whofe  length 
is  A,  in  the  fubduplicatc  ratio  of  the  length  \PS  or  Pd 
to  the  length  A.    But  theclaftic  force,  with  which  the 
i>hy(ica1  lineola  EG  is  urged;  when  it  is  found  in  its 
extreme  places  P,  5",  was   (in  the  demonftration   o^ 
pTop.  47.)  to  its  whoJe  elaftic  force  as  HL — KJVto 
V,  that  is,  (fince  the  point  K  now  falls  upon  P)  as 
HK  to  V :  and  all  that  force^  or,  which  is  the  fame 
thing»  the  incumbent  weight  by  which  the  lineola  £  Ct 
is  cofnprefs*d,  is  to  the  weight  of  the  lineola  as  the  al- 
titude A  of  the  incumbent  weight  to  £C?  the  length  of 
the  lineok ;  and  therefore*  ix  ^quoy  the  force  with 
^Vhich  the  lineola  tGis  urged  in  the  f>la^es  P  and  ^S',  is 
to  the  weight  of  that  lineola  as  HKxA  to  Y x EG i 
or  as  POx  A  to  V  V ;  becaufe  HK  was  to  EG  as  PO 
to  V.     Therefore  fince  the  times,  in  which  equal  bo- 
dies are  im]>elled  thro'  equal  fpaces,  aire  reciprocally  irt 
the  fubdupliate  ratio  of  the  forces,  the  time  of  one  vi- 
bration, produced  by  theaftibn  of  that  elaftic  force,  will 
be  to  the  time  of  a  vibration,  produced  by  the  impulfe 
of  the  weight,  in  a  fubdupl?cate  ratio  of  V  V  to?  Ox  A*' 
and  therefore  to  the  time  of  the  ofcillation  of  a  pendu-^ 
lum  whofe  length  is  A,  ih  the  fubduplicate  ratio  of  V  V 
to  POxA,  and  the  fubduplicate  ratio  of  PO  to  A 
conjunftly ;  that  is,  in  the  entire  ratio  of  V  to  A.   But 
In  the  time  of  one  vibration  compoftd  of  the  going  and 
returning  of  the  pendulum,  the  pulfc  will  be  propagated 
right  onwards  thro*  a  (pace  equal  to  its  breadth  B  C: 
Ittcrefore  thetime  in  which  a  pulfe  rutts  dVer  the  fpace 
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J?  C,  is  t6  tlie  time  of  one  ofcillation  compofed  of  the 
going  and  returning  of  the  pendulum,  as  V  to  A,  that 
is,  as  5  C  to  the  circumference  of  a  circle  whofe  radius 
is  A.  But  the  time  in  which  the  pulfe  wijl  run  over 
the  fpace  BC,  is  to  the  time  in  which  it  will  run  over 
a  length  equal  to  that  circumferenCej  in  the  fame  ratio  j 
and  therefore  in  the  time  of  fuch  an  ofcillation,  the 
pulfe  will  run  over  a  length  equal  to  that  circumference^ 
O.E.D, 

Cor.  I.  The  velocity  of  the  pulfes  is  equal  to  that 
which  heavy  bodies  acquire  by  falling  wi^h  an  equally 
accelerated  motion,  and  in  their  fall  (fcfcribing  half  the 
altitude  A.  For  the  pulfe  wilU  iuthe  time  of  this  fall, 
fuppofing  it  to  move  with  the  velocity  acquired  by 
that  fall,  run  over  a  fpace  that  will  bfe  equal  to  the 
whole  altitude  A  ;  and  therefore  in  the  time  of  one  of- 
cillation compofed  of  one  going  and  return,  will  go 
over  a  fpace  equal  to  the  circumference  of  a  circle  ae- 
fcribed  with  the  radius  A  :  for  the  time  of  the  fall  is 
to  the  time  of  ofcillation,  as  the  radius  of  a  circle  to 
its  circumference. 

CoR.  2.  Therefore  fince  that  altitude  A  is  ^s  the 
claftic  force  of  the  fluid  diredly,  and  the  denfity  o( 
the  fame  inverfely ;  the  velocity  of  the  pulfes  >yill  be 
in  a  ratio  compounded  of  the  fubduplicate  ratio  of  the 
denfity  inverftly,  and  the  fubduplicate  ratio  of  the 
elaflic  force  direftly. 

Proposition  L.     Problem  XIL 
To  find  the  diftances  of  the  pulfes. 

Let  the  number  of  the  vibrations  of  the  body,  by 
whofe  tremor  the  pulfes  are  produced,  be  found  to  any 
given  time.  By  that  number  divide  the  fpace  which  a 
.pulfe  can  go  over  in  the  fame  time,  and  the  part  found 
will  be  the  breadth  of  one  pulfe.     O.  £.  /* 
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Scholium. 

Th«  la  ft  propofitions  refpcft  the  motions  of  light 
ond  founds.  For  fince  light  is  propagated  in  right  lines;* 
it  is  certain  that  it  cannot  xonAft  in  a(ftion  alone,  (by 
Prop.  41  and  41.)    As  to  founds,  (ince  they  arife  from 
tremidous  bodies,  they  can  be  nothing  elfe  but  pulfes 
of  the  air  propagated  thro*  it,  (by  Prop.  45  )    And  this 
is  confirmed  by  the  tremors,  which  founds,  if  they  b^ 
loud  and  deep,  excite  in  the  bodies  near  them,  as  we 
experience  in  the  found  of  drums^     For  quick  and 
ftiort  tremors  are  Icfs  eafily  excited.    But  it  is  welj 
Icnowm   that  any  founds,  falling  upon  firings  in  uni* 
ion  with  the  fonorous  bodies,  excite  tremon  in  thofe 
ftrings.     This  is  alfo  confirmed  from  the  velocity  of 
founds*     For  fince  the  fpecific  jgravities  of  rain-water 
and  quick-filver  are  to  one  another  as  about  i  to  i  jf, 
and  when  the  mercury  in  the  barometer  is  at  the  height 
of  50  inches  of  our  mcafure,  the  fpecific  gravities  of  the 
air  and  of  rain-water  are  to  one  another  as  about  i  to 
Sjo :  therefore  the  fpecific  gravity  of  air  and  quick- 
wver  are  to  each  other  as  i  to  uSpo.     Therefore 
when  the  height  of  the  quick-filver  is  at  30  inches,  a 
height  of  uniform  air,  whofe  weight  would  be  fuflS- 
dent  to  comprefs  our  air  to  the  denfity  we  find  it  to 
be  of,  muft  be  equal  to  5.5<?7oo  inches  or  25)725  feet 
of  our  meafure.  And  this  is  tnat  very  height  ot  the  me- 
dium, which  I  have  called  A  in  the  conftriK5tiot;i  of  the 
foregoing  propofition«    A  circle  whofe  radius  is  2572  $ 
feet  is  i8tf7(f8  feet  in  circumference.    And  fince  a 
|»enduluBi  39 f  inches  in  length  compleats  one  ofcilla- 
tion,  compofed  of  its  going  and  return,  in  two  feconds 
oF  time,  as  is  commonly  known ;  it  follows  that  a  pen-^ 
dulum  25725  feet  or  55(5700  inches  in  length  will 
^onn  a  like  ofciUation  in  19^%  feconds.    Therefor^ 
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in  that  time  a  found  will  go  right  onwards  iStfycJS 
ittu  and  therefore  in  onefecond  pyp  feet. 

But  in  this  computation  we  have  made  no  allowance 
for  the  craffitude  of  the  folid  particles  of  the  air,  by 
which  the  found  h  propagated  inftantaneoufly*  Be- 
jcaufe  the  weight  of  air  is  to  the  weight  of  water  as 
J  to  870,  and  becaufe  falts  are  ^Imoft  twice  as  denfe  a$ 
water ;  if  the  particles  of  air  are  fuppofed  19  be  of  near 
the  fame  denfity  as  thofe  of  ^ateror  fait,  and  the  rarity 
iof  the  air  arifes  from  the  intervals  of  the  particles;  the 
diameter  of  one  particle  of  air  will  be  to  the  interval 
between  the  centres  of  the  particles,  as  i  to  about  9  or 
10,  and  to  the  interval  between  the  particles  themfeive$ 
as  I  tb  8  or  p.  Therefore  to  979  feet,  which,  ac* 
cording  to  the  above  calculatiom  a  found  will  advance 
ibrward  in  one  fecond  of  tim^  we  may  add  -f f -f,  or 
about  I  op  feet,  to  compenfatc  for  the  craffitude  of  the 
particles  of  the  air:  and  then  a  found  wiQ  gp  forward 
about  1088  feet  in  one  fecond  of  time^ 

Moreover,  the  vapors  floating  in  the  air^  bein^  of 
another  fpring,  and  a  different  tone,  will  hardl}^,  if  ac 
all,  partake  of  the  motion  of  the  true  air  in  which  the 
ibunds  are  propagated.  Now*  if  thefe  vapors  remaio 
jinmoved,  that  motion  will  be  propagated  the  fwifter 
thro*  the  true  air  alone,  and  that  m  the  fubduplicate  ra-^ 
tio  of  the  defcft  of  the  matter.  So  if  the  atmofphere 
iconfift  of  ten  parts  of  true  air  and  one  part  of  vapors, 
the  motion  of  founds  will  be  fwifter  in  the  futxluplicat^ 
ratio  of  II  to  10,  or  very  nearly  in  the  entire  ratio  of 
21  to  2o,  than  if  it  were  propagated  thro'  eleven  parts 
of  true  air :  and  therefore  the  motion  of  founds  above 
difcovered  muft  be  encreafed  in  that  ratio.  By  this 
fneans  the  found  willpafs  thro*  114^  feet  in  onefecond 
bftime. 

Thefe  things  will  be  found  true  in  fprii^  and  au* 
tumn,  when  tnc  air  is  i^areiied  by  the  gentle  warmth  of 
thofe  feafons,  and  by  that  means  its  elaftic  force  be* 


comes 
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comes  fomewhat  more  intcnfe.  Bat  in  winter,  when 
.the  air  is  condenfed  bv  the  cold,  and  its  claftic  force  is 
fomewhat  remitted,  tne  motion  of  founds  will  be  floWf- 
er  in  a  fubduplicate  ratio  of  the  denHty  ;  and  on  th^ 
other  hand,  fwifter  in  the  fummer. 

Now  by  experiments, it  aftually  appears  that  founds 
do  really  advance  in  one  fecond  of  time  about  1141 
feet  of  EngUJh  meafure,  or  1070  feet  o£  French  mear 
fure. 

The  velocity  of  founds  being  kupivn,  the  intervals 

of  the  pulfes  are  known  alfo.     For  M.Saftvem',  by 

Ibme  experiments  that  he  made,  found  that  an  open 

pipe  abcHit  five  Paris  feet  in  length,  gives  a  found  of  the 

fame  tone  with  a  viol-ftring  that  vibrates  a  hundred 

times  in  one  fecond.  Therefore  there  are  near  100  pulfes 

in  a  fpace  of  1070  Paris  feet,  which  a  found  runs  over 

in  a  fecond  of  time;  and  therefore  one  pulfe  (ills  up  a 

fpace  of  about  10 1\  Paris  feet,  that  is,  about  twice  the 

Jengtb  of  the  pipe.    From  whence  it  is  probable,  that 

the  breadths  of  the  pulfes,  in  all  founds  made  in  open 

pipes,  are  equal  to  twice  the  length  of  the  pipes. 

Moreover,  from  the  corollary  of  prop.  47.  appears 
the  reafon,  why  the  founds  immediately  ceafe  with  the 
motion  of  the  fonorous  body,  and  why  they  are  heard 
no  longer  when  we  are  at  a  great  diflance  from  the  fo«> 
porous  bodies,  than  when  we  are  very  near  them.  And 
t^eiides,  from  the  foregoing  principles  it  plainly  ao^^ 
pears  how  it  comes  to  pafs  that  founds  are  fo  mightily 
encreafed  in  fpeaking-trumpets.  For  all  reciprocal  mo- 
tioti  ufes  to  be  encreafed  by  the  generating  caufe  at  each 
return.  And  in  tubes  hindering  the  dilatation  of  the 
founds,  the  motion  decays  more  flowly,  and  recurs  more 
iforcibly ;  and  therefore  is  the  more  encreafed  by  the  new 
motion  impreffed  at  each  return,  And  thefb  are  the 
principal  pba;aomena  of  foundf . 


N  4  SEC- 
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S  E  C  T  I  Q  N    i:^ 

Of  the  ctrctilar  motion  of  fluids. 

HYPOTHESIS, 

^he  refjiance,  arifing  from  the  want  of  lubr^ 
*     city  in  the  parts  of  a  fluids  fs^  caeteris  pari- 
bus, proportional  to  the  velocity  with  which 
the  parts  of  the  fluid  are  Jeparated  from 
each  other. 


Proposition  LI.    Theorem  XXXVIII. 

If  a  f olid  cylinder  infinitely  longy  in  an  uniform 
and  infinite  fluid  J  revolve  with  an  uniform 
motion  about  an  axis  given  in  pofitim^  and 
the  fluid  be  forced  round  by  only  this  ini^ 
pulfe  of  the  cy Under ^  and  every  part  of  the 
.  fluid  perfevere  uniformly  in  its  motion^  I  fay^ 
that  the  periodic  times  of  the  parts  of  the 
fluid  are  as  their  diftances  from  the  axis  of 
the  cylinder. 

Let  uiFL  (PL  9.  Pig^z)  be  a  cylinder  turning 
uniformly  about  the  axis  <^,  and  let  the  concentric  cir- 
cles BGM,  CRN,  DIO,  EKP,  &c.  divide  the  fluid 
jntp  innumerable  concentric  cylindric  folid  orbs  of  th? 
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fame  thickncfi.    Then,  becaufe  the  fluid  is  homogc- 
neous>  the  impreflions  which  the  contiguous  orbs  make 
upon  each  other  mutually,  will  be  (bythe  hypothefis) 
as  their  tranflations  from  each  other,  and  as  the  conti- 
guous fuperficies  upon  which  the  impreflions  are  made* 
If  the  impreflion  made  upon  any  orb  be  greater  or 
Icfs  on  its  concave,  than  on  its  convex  fide,  the  ftronger 
impreflion  will  prevail,  and  will  either  accelerate  or  re- 
tard the  motion  of  the  orb,  according  as  it  agrees  with, 
or  is  contrary  to  the  motiori  of  the  fame.    Therefor^, 
that  every  orb  may  perfevere  uniformly  in  its  motion, 
the  impreflions  made  on  both  fides  mufl:  be  equal,  and 
their  directions  contrary.     Therefore  fince  the  impref- 
fions  are  as  the  contiguous  fuperficies,   and  as  their 
tranflations  from  one  another ;  the  tranflations  will  be 
inverfely  as  the  fuperficies,  that  is,  inverfely  as  the  dif- 
tances  of  the  fuperficies  from  the  axis.     But  the  diffe- 
rences of  the  apgular  motions  about  the  axis,  are  as  thofc 
tranflations  applied  to  the  diftances,  or  as  the  tranfla- 
tions direftly  and  the  diftances  inverfely  ;  that  is,  join- 
ing thefe  ratio's  together,  as  the  fauares  of  the  diftances 
inverfely.     Therefore  if  there  be  ereded  the  lines  Aa^ 
P  by  Ccj  DdyEey  &c.  oerpendicular  to  the  feveral  parts  of 
the  infinite  right  lineiS^B  Ci>EQjnA  reciprocally  pro- 
portional to  tiie  fquares  of  SAy  SBy  SCySDy  SE,  &c* 
and  thro*  the  extremities  of  thofe  perpendiculars  there 
be  fuppofed  to  pafs  an  hyperbolic  curve;  the  fums  of 
the  differences,  that  is,  the  whole  angular  motions,  will 
be  as  the  correfpondent  fums  of  the  lines  Aa^  Bb,  Cc, 
Dd,  Ecy  that  is,  (if  toconftitute  a  medium  uniformly 
fluid,  the  number  of  the  orbs  be  encreafed  and  their 
breadth  diminiftied  in  infinitum)  as  the  hyperbolic  area's 
AaQ,  BbQy  CcQyBdQ^  EcQ^  Sec.  analogous  to  the 
fums*  And  the  times,  reciprocally  proportional  to  the  an* 
gular  motions,  will  be  alfo  reciprocally  proportional  to 
thofe  areas.    Therefore  the  periodic  time  of  any  par- 
ticle as  Z>,  is  reciprocally  as  the  zrckDd(Q»  that  is,  (as 
"^  --  -  appears 
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appears  from  the  known  methods  of  quadratures    of 
curves)  direAly  ^  the  diftance  sp.    jg.  E.  A 

Cor.  i«  Hence  the  angular  motions  of  the  particles 
of  the  fluid  are  reiciprocally  as  their  diftaaces  from  the 
dxis  of  the  cylinder^  and  the  abfolute  velocities  are 
equal. 

CoR.'i.  If  a  fluid  be  contained  in  a  cylindric  veflel 
of  an  infinite  length,  and  poptain  another  cylinder  with« 
in,  and  both  the  cylinders  revolve  about  one  common 
9xis,  and  the  times  of  their  revocations  be  as  their  fe- 
midiameters,  and  every  part  of  the  J9uid  porfeveres  in 
its  motion  :  the  periodic  times  of  t^e  fj^yeral  part;  wiU 
be  as  the  diftances  from  the  axis  of  the  cylinders* 

CoR.  5.  If  there  be  added  or  taken  avayany  comr 
mon  quantity  of  angular  motion  from  the  cylinder  ancf 
fluid  moving  in  this  manner ;  yet  becaufe  this  new  mor 
tion  will  not  alter  the  mutual  attrition  of  the  parts  of 
the  fluid,  the  motion  of  the  parts  among  themfelyes  will 
not  be  changed.  For  the  tranflations  of  the  parts  from 
one  another  depend  upon  the  attrition.  Kny^  part  will 
perfevere  in  that  motion,  which,  by  the  attrition  made 
on  both  fides  with  contrary  direftions^  is  no  voatt  ac- 
4L:elerated  than  it  is  retarded, 

CoR.  A.  Therefore  if  there  be  taken  away  from  this 
whole  fyilcm  of  the  cylinders  and  the  fluid,  all  the  an- 
gular motion  of  the  outward  cylinders  we  (hall  have 
|he  motion  of  the  fluid  in  a  quiefcent  cylinder. 

CoR.  5.  Therefore  if  the  fluid  and  outward  cylin- 
der are  at  refl:,  and  the  inward  cylinder  revolve  uniform-^ 
]y ;  there  will  be  communicated  a  circular  motion  to 
the  fluid,  which  will  be  propagated  by  degrees  thro* 
the  whole  fluid ;  and  will  go  on  continually  encreafing, 
till  fuch  time  as  the  feveral  parts  of  the  fluid  acquire  the 
motion  determined  in  cor.  4. 

Cor.  6.  And  becaufe  the  fluid  endeavours  to  pro^' 
pagate  its  motion  ftill  farther,  its  impulfe  will  carry  the 
putmoft  cylinder  alfo  about  with  it»  unlefs  the  cylinder 
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>>e  violently  detained  ;  and  accelerate  its  morion  till  the 
periodic  times  of  both  cylinders  become  equal  among 
themfelves.  But  if  the  outward  cylinder  be  violently 
detaineds  it  will  make  an  effort  to  retard  the  motion  of 
the  fluid  i  an4  unlefs  the  inward  cylinder  preferye  that 
inotion  by meaps  of  fome externalforce impreffcd there- 
on, it  will  make  it  ceafe  by  degrees. 

All  thefe  things  will  be  found  true,  by  making  the 
experiment  jn  deep  ftandjng  water^ 

Proposition  LII.     Theorem  XL. 

^  ^filUffherSy  in  an  uniform  and  infinite  fhud^ 
revolves  about  an  axis  given  inpofition  with 
an  uniform  motfony  and  the  fluid  be  forced 
round  by  only  this  impulfe  of  the  fphere  i  and 
every  part  of  the  fluid  perf everts  uniformly 
in  its  motion :  Ifay^  that  the  periodic  times 
cf  the  parts  of  the  fluid  are  as  the  fquares 
of  thetr  dijiancfs  from  the  centre  of  the 
(ph^re. 

Case  i.  Let  AFL  be  a  fphere  turning  uniformly 
about  the  axisiS",  and  let  the  concentric  circles  BGM^ 
CffJSTj  piO,  EKP,  &c.  divide  the  fluid  into  innu- 
merable concentric  orbs  of  the  fame  thicknefs.  Sup- 
pofe  thofe  orbs  to  be  folid ;  and  becaufe  the  fluid  is  ho- 
mogeneous, the  impreflions  which  the  contiguous  orbs 
make  one  upon  another,  will  be  (by  the  fuppofition) 
fS  their  tranflations  from  one  another,  and  the  conti-^ 
guous  fuperficies  upon  which  the  impreflions  are  made. 
If  the  impreffiofi  upon  any  orb  be  greater  or  lefs  upon 
its  concave  than  upon  its  convex  mle ;  the  more  for- 
f  ibie  impreflibn  will  prevail,  and  will  either  accelerate 

or  retard  the  velocity  of  the  orb,  according  as  it  is  di- 

, , ._ /.  - .^ ^.      -     ^^^^^^ 
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lefted  with  a  confpiring  or  contrary  motion  to  that  of 
the  orb.     Therefore  that  every  orb  may  perfevere  uni- 
formly in  its  motion,  it  is  neceffary  that  the  impreffions 
made  upon  both  fides  of  the  orb  ftiould  be  equal,  and 
have  contrary  direftions.     Therefore  fince  the  impref- 
fions are  as  the  contiguous  fuperficies,  and  as  their  tranf- 
lations  from  one  another  \    the  tranflations  will  be  in<* 
verfly  as  the  fuperficies,  that  is,  inverfly  as  the  fquares 
of  the  diftancc;s  of  the  fuperficies  from  ^e  centre.    But 
the  differences  of  the  angular  motions  about  the  axis 
areas  thofe  tranflations  applied  to  the  diAaiices>  or  as  the 
tranfiations  diredly  and  the  diftances  inverfly ;  that  isy 
by  compounding  thofe  ratio's^  as  i\^  cujbes  of  the  di& 
tances  inverfly.     Therefore,  if  upon  the  feveral  parts 
of  the  infinite  right  line  SAB  CDEO^  there  be  ereft- 
ed  the  perpendiculars  Aa,  Bbj  Ccj  Dd^  Ecj  &c.  re- 
ciprocally proportional  to  the  cubes  of  SAy  SBy  SC^ 
SDySEy  Sec.  the  fums  of  the  differences,  that  is,  the 
"whole  angular  motions,  will  be  as  the  correfponding 
ferns  of  the  lines  Aa^  Bby  Cc,  i>^  £a  &c«   that  is> 
'<if  to  conftitute  an  uniformly  fluid  medium  the  num- 
ber of  the  orbs  be  encreafed  and  their  thicknefs  dir 
miniflied  in  infinitum)  as  the  hyperbolic  areas  AaOj 
BtQjPcOyDdO,  EeOj  Sec.  analojgousto  thefums"; 
;knd  the  periodic  times  being  reciprocally  proportional 
to  the  angular  motions,  will  be  alfo  reciprocally  pro- 
portional to  thofe  areas.     Therefore  the  periodic  time 
of  any  orb  DIO  is  recipfocally  as  the  area  DdQy  that 
is,  (by  the  known  methods  of  quadratures)  diredly  as 
the  fquare  of  thexiiftance^Z).     Which  was  firft  to  be 
demonflrated. 

Case  2.  From  the  centre  of  the  fphere  let  ^here  be 
drawn  a  great  number  of  indefinite  right  lines,  making 
given  angles  with  the  axis,  exceeding  one  another  by 
iequal  differences  5  and,  by  thefe  lines  revolving  about 
xhe  axis,  conceive  the  orbs  to  be  cut  into  innume- 
^abjie  annuli :  then  will  every  annulus  have  four  an- 
3  ""  -  "  nul^ 
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null  cohtiguous  to  ky  that  ii,  one  on  its  in£de,  one 
on  its  outfide^  and  two  on  each  hand.    Now  each  of 
thefe  annuli  cannot  be  impelled  equally  and  with  con- 
trary  diredions  by  the  attrition  of  the  interior  and. 
exterior  annuli  ualefs  the  motion  be  communicated  ac* 
.cording  to  the  law  which  we  demohftrated  in  cafe  i. 
This  appears  from  that  demonftration.     And  therefore 
any  feries  of  anntili,  taiken  in  any  right  line  extending 
itl^if  in  infinitum  from  the  globe>  will  move  according 
to  the  law  of  cafe  1.  except  we  ftiould  imagine  it  hin- 
dered by  the  attrition  of  the  annuli  on  each  iide  of  it» 
But  now  in  a  motion>  according  to  this  law,  no  fuch 
attrition  is,  and  therefore  cannot  beany  obftade  to  the 
lnotion*s  perfevering  according  to  that  law.     If  annuli 
at  equal  diftances  from  the  centre  revolve  either  more 
fwiftly  or  more  flowly  near  the  poles  than  near  the 
ecliptic )  they  will  be  accelerated  if  flow,  and  retarded 
if  fwift,  by  their  mutual  attrition;  and  fo  the  periodic 
times  will  continually  approach  to  equality,  according 
to  the  law  of  cafe  i.    Therefore  this  attrition  will  not 
at  all  hinder  the  motion  from  going  on  according  to  the 
law  of  Cafe  i.  and  therefore  that  Taw  will  take  place  | 
that  is,  the  periodic  tinges  of  the  feveral  annuli  will  be 
is  the  fquares  of  their  diftances  from  the  centre  of  the 
globe.    Which  was  to  be  demonftrated  in  the  fecond 
place. 

Case  3.  Let  now  every  annulus  be  divided  by  tranf- 
verfe  feAions  into  innumerable  particles  conftituting  a 
fubftance  abfolutely  and  uniformly  fluid  ;  and  becaufe 
thefe  feftions  do  not  at  all  refpeft  the  law  of  circular  mo- 
tion, but  only  ferve  to  produce  a  fluid  fubftance,  the 
law  of  circular  motion  will  continue  the  fame  as  before* 
All  the  very  fmall  annuli  will  either  not  at  all  change 
their  afperity  and  force  of  mutual  attrition  upon  ac- 
count of  thefe  fedidns,  or  elfe  they  will  change  the 
fame  equally.  Therefore  the  proportion  of  the  caufes 
Remaining  the  fame>  the  proportion  of  the  effefts  will 

remain 
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temain  the  fame  alfo ;  that  is,  the  proportion  of  the 
motions  and  the  periodic  times-'  QJE.D:  But  n6\^ 
as  the  circular  motion,  andf  the  centrifugaf  force  thence 
arifing,  is  greater  at  the  ecliptic  thai  at  the  poles^  there 
rnuft  be  (otoe  caufe  operating  to  retain  the  feveral  par- 
ticles in  their  circles ;  otherwife  the  matter  that  is  at 
the  ecliptic  wilt  always  recede  from  the  centres  and 
Come  round  about  to  the  poles  by  the  outfide  of  the  vor- 
tex, and  from  thence  return  by  the  axis  to  the  ecliptic 
with  a  perpetual  circulation. 

CoR.  I.  Hence  the  angular  motions  of  thie  parts  of 
the  fluid  about  the  axis  of  the  globe,  are  reciprocally  as 
the  fquares  of  the  diflances  from  the  centre  of  the 
glbbe,  and  the  abfolate  velocities  are  reciprocally  as  the 
lame  fquares  applied  to  the  diflances  froni  the  axis. 

CoR.  2.  If  a  globe  revolve  with  a  uniform  motiotf 
about  an  axis  of  a  given  pofition.in  a  fimilar  and  infinite 
quiefcent  fluid  with  an  uniform  motion^  it  #ill  com* 
municate  a  whirling  motion  to  the  fluid  like  that  of  a: 
vortex,  and  that  motion  will  by  degrees  be  prbpagated 
Onwards  in  infinitum ;  and  this  motion .  will  be  en* 
Creafed  continually  in  every  part  of  the  fluid,'  till  the 
periodical  times  of'^the  feverat  parts  become  as  the  fqAares^ 
of  the  diflances  from  the  centre  of  the  globe. 

CoR.  J.  Becaufe  the  inward  parts  6? the  voftex  are  ' 
by  reafon  of  their  greater  velocity  contihualfy  prefGng 
iipon  and  driving  forwards  the  external  parts,  and  by 
that  adion  are  perpetually  communicating  ihotion  to 
them>  and  at  the  lame  time  thofe  exterior  parts  com* 
municate  the  fame  quantity  of  itiotion  to  thofe  that  lie 
flill  beyond  them,  and  by  this  aftion  preferve  the  quan- 
tity of  their  motion  continually  unchanged ;  it  is  plain 
that  the  motion  is  perpetually  transferred  from  the  cen- 
tre to  the  circuinference  of  the  vortex,  till  it  is  quite 
fwallowed  up  and  lofl  in  the  boundlefs  extent  of  chat 
circumference.  The  matter  between  any  two  fphaericaF 
fiiperficies  concentrical  to  the  vortex  will  never  be  ac- 

ccleratcdj 
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telerated ;  becaufe  that  matter  will  be  always  transfer- 
ring  the  motion  it  receives  from  the  matter  nearer  the 
centre  to  that  matter  which  lies  nearer  the  circumfe* 
rence. 

Cor.  ij..  Therefore  in  order  to  continue  i  vortex  im 
the  fame  flate  of  motion,  fome  aftive  principle  is  reqoi- 
red,  from  which  the  |lobe  may  receive  continually  the 
ianae  quantity  of  motion  which  it  is  always  communi- 
cating to  the  matter  of  the  vortex-  Without  fuch  « 
principle  it  will  undoubtedly  come  to  pafs  that  the 
globe  and  the  inward  parts  of  the  vortex,  being  always 
propagating  their  motion  to  the  outward  parts,  and  not 
receiving  any  new  motion,  will  gradually  movefloweif 
and  flower,  and  at  laft  be  carried  round  no  longer. 

Cor.  5.  If  another  globe  (hould  be  fwimming  in  the 
fame  vortex  at  a  certain  diftance  from  its  centre,  and  hi 
the  mean  time  by  fome  force  revolve  conftantly  about 
to  axis  of  a  given  inclination ;   the  motion  of  this 
globe  will  drive  the  fluid  round  after  the  manner  of  a 
Vortex  ;   and  at  firft  this  new  and  fmall  vortex  will 
revolve  with  its  globe  about  the  centre  of  the  other  ; 
and  in  the  mean  time  its  motion  will  creep  on,  far- 
ther and  farther^  and  by  degrees  be  propagated  in  infi- 
liitumf,  after  the  manner  of  the  firft  vortex*.    And  for 
the  fame  reafon  that  the  globe  of  the  new  vortex  w^rs 
carried  about  before  by  the  motion  of  the  other  vortex^ 
the  globe  of  this  other  will  be  carried  about  by  the  mo- 
tion of  this  new  vortex^  fo  that  the  two  globes  will  re- 
volve about  fonae  intermediate  point,  and  by  reafon  of 
that  circular  motion  mutually  fly  from  each  other,  un- 
lefs  fome  force  reftrains  them^    Afterwards,  if  the  con- 
ftantly impreffed  forces,  by  which  the  globes  perfevere 
In  their  motions,  (hould  ceafes  and  every  thing  be  left 
to  ad  according  to  the  laws  of  mechanics,  the  motion 
of  the  globes  will  languiih  by  d^rees,  ^for  the  rea- 
fon afligned  in  cor.  }  and  4.)  and  the  vortices  at  laft 
will  quite  ftand  ftill. 
^  '  Cor. 
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Cor.  6.  If  feveral  globes  in  given  places  Ihould  coa-* 
flantly  revolve  with  determined  velocities  abtout  axes 
given  in  polition,  there  would  arife  from  them  as  many 
vortices  going  oh  in  infinitum.  For  upon  the  fame 
account  that  any  one  globe  propagates  its  motion  iii 
infinitum,  each  globe  apart  will  propagate  its  own  mo- 
tion in  infinitum  alfo;  fo  that  every  part  of  the  infinite 
fluid  will  be  agitated  with  a  motion  refulring  from  the 
aftions  of  all  the  globes.  Therefore  the  vortices  will 
not  be  confined  by  any  certain  limits,  but  by  degrees 
run  mutually  into  each  other ;  and  by  the  mutual  adions 
of  the  vortices  on  each  other,  the  globes  will  be  per- 
petually moved  from  their  places,  as  was  ftiewn  in  the 
Jaft  corollary ;  neither  can  they  poflibly  keep  any  cer- 
tain pofition  among  themfelves,  unlefs  fome  force  re- 
ftrains  them.  But  if  thofe  forces,  which  are  conftanr- 
Iv  imprefled  upon  the  globes  to  continue  fhefe  motions^ 
mould  ceafe ;  the  matter  (for  the  reafon  afligned  iri 
cor.  5  and  4.)  will  gradudly  Itop,  and  ceafe  to  move  ia 
vortices. 

CoR.  7.  If  a  fimilar  fluid  be  inclofed  in  a  fphaerical 
veffel,  and  by  the  uniform  rotation  of  a  globe  in  its 
centre,  is  driven  round  in  a  vortex;  and  the  globe  and 
vefTel  revolve  the  fame  way  about  the  fame  axis,  and 
their  periodical  times  'be  as  the  fquares  of  the  femidia- 
inetcrs;  the  parts  of  the  fluid  will  not  go  on  in  theit' 
jfnotions  without  acceleration  or  retardation,  till  their 
periodical  times  are  as  the  fquares  of  their  diftances  from 
the  centre  of  the  vortex.  No  coriftitution  of  a  vortex 
can  be  permanent  but  thi$. 

CoR.  8.  If  the  vetfel,  the  inclofed  fliiid,  and  the 
globe,  retain  this  motion,  and  revolve  befides  with  a 
common  angular  motion  about  any  given  axis ;  becaufe 
the  mutual  attrition  of  the  parts  of  the  fluid  is  not 
changed  by  this  motion,  the  motions  of  the  parts  among 
^ach  other  will  not  be  changed.  For  the  tranflations  of 
the  pans  among  themfelves  depend  upon  this  attrition; 
.       .  "  .  Anjr 
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Any  part  will  pcrfeverc  in  that  motion,  in  which  its 
attrition  on  one  fide  retards  it  juft  as  much  as  its  at* 
trition  on  the  other  fide  accelerates  it. 

Cor*  9.  Therefore  if  the  veffel  be  quiefcent,  and 
the  motion  of  the  globe  be  given^  the  motion  of  the 
fluid  will  be  given.    For  conceive  a  plane  to  pafi  thro* 
the  axis  of  the  gbbe,  and  to  revolve  with  a  contrary 
motion  ;  and  fuppofe  the  fumof  the  time  of  this  revolu-* 
tion  and  of  the  revolution  of  the  globe  to  be  to  the  time 
of  the  revolution  of  the  globe*  as  the  fquare  of  the 
femidiameter  of  the  veffel  to  the  fquare  of  the  femi- 
diameter  of  the  globe ;  and  the  periodic  times  of  the 
parts  of  the  fluid  in  refped  of  this  plan^  will  be  as  the 
iquares  of  their  diflances  from  the  centre  of  the  globe^ 
Cor.  lo.Therefore  if  the  veffel  moveabout  the  fame 
axis  with  the  globe,  or  with  a  given  velocity  about  a 
different  one*  the  motion  of  the  fluid  will  be  given. 
¥or  if  from  the  whole  fyflem  we  take  away  the  angular 
motion  of  the  veffeh  all  the  motions  will  remain  the  fame 
among  themfelves  as  beforey  by  cor.  8.  and  thofe  moti^ 
ons  will  be  given  by  cor.  9. 

CoR.  II.  If  the  veffel  and  the  fluid  are  quiefcent) 
and  the  globe  revolves  with  an  uniform  motion>  that 
motion  will  be   propaj^ated  by  degrees  through  the 
whole  fluid  to  the  vefleh  and  the  veffel  will  be  carried 
round  by  it>  unlefs  violently  detained;  and  the  fluid 
and  the  veffel  will  be  continually  accelerated  till  their 
periodic  times  become  equal  \o  the  periodic  times  of 
the  globe.    If  the  veffel  be  either  withheld  by  fome 
force,  or  revolve  with  any  conflant  and  uniform  mo* 
tion,  the  medium  will  come  by  little  and  little  to  the 
flate  of  motion  defined  in  cor.  8.  p.  10.  nor  will  it 
ever  perfevereinany  other  flate.  But  if  then  the  forces, 
by  which  the  globe  and  veffel  revolve  with  certaki 
motions,  fhould  ceafe,  and  the  whole  fyflcm  be  left  to 
ad  according  to  the  mechanical  laws,  the  veffel  and 
globe,  by  means  of  the  intervening  fluid»  will  ad  upon 
Vol.  II.       '  O  each 
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each  other,  and  will  continue  to  propagate  their  moti- 
ons through  the  fluid  to  each  other,  till  their  periodic 
times  become  equal  among  ihemfelves,  and  the  whole 
fyftem  revolves  together  hke  one  folid  body^ 


V  SCHOLItJM. 

Ifl  all  thefe  reafonings,  I  fuppofe  the  fluid  to  confifl: 
bf  matter  of  uniform  denfity  and  fluidity.  I  mean 
that  the  fluid  is  fuch,  that  a  globe  placed  any  where 
therein  may  propagate  with  the  fame  motion  of  its 
own,  at  diftances  from  it  felf  continually  equal,  fimi- 
lar  and  equal  motions  in  the  fluid,  in  the  fame  inter-* 
val  of  time.  The  matter  by  its  circular  motion  en- 
deavours to  recede  from  the  axis  of  the  vortex;  and 
therefore  preffts  all  the  matter  that  lies  beyond.  This^ 
preffure  makei  the  attrition  greater^  and  the  feparation 
of  the  parts  more  difficult ;  and  by  confequence  dimi- 
niihes  the  fluidity  of  the  matter.  Again,  if  the  parts 
of  the  fluid  are  m-  any  one  place  denfer  or  larger  than 
in  the  others,  the  fluidity  will  be  lefs  in  that  place, 
becaufe  there  are  fewer  fuperfrcies  where  the  parts  can 
be  feprated  from  each  other.  In  thefe  cafes  I  fuppofe 
the  defeft  of  the  fluidity  to  be  fupplied  by  the  fmooth- 
nefs  or  foftnefs  of  the  parts,  or  forae  other  condition ; 
othcrwife  the  matter  where  it  is  lefs  fluid,  will  cohere 
more,  and  be  more  fluggifti,  and  therefore  will  receive 
the  motion  more  flbwly,  and  propagate  it  farther  than 
agrees  with  the  ratio  above  afligned.  If  the  veflel  be 
not  fphaerical,  the  particles  will  move  in  lines,  not  cir- 
cular, but  anfwering  to  the  figure  of  the  veflel,  and 
the  periodic  times  will  be  nearly  as  the  fquares  of  the 
mean  diflances  from  the  centre.  In  the  parts  betweea 
the  centre  and  the  circumfererrce,  the  motions  will  be 
flower  where  the  fpaces  are  wide,  and  fwifter  where 
Harrow;  but  yet  the  particles  will  not  tend  to  the  cir- 

cumferencC' 
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ciimference  at  all  the  more  for  their  greater  fwiftnefsi^ ' 
For  they  then  defcribe  arcs  of  lefs  curvity,  and  the  co- 
natus  or  receding  from  the  centre  is  as  miuch  diminish- 
ed by  the  diminution  of  this  curvature>  as  it  is  aug- 
mented by  the  increafe  of  the  velocity.     As  they  gd 
out  of  narroW  into  wide  fbaccs  they  recede  a  little  far- 
ther from  the  centre,  but  m  doing  lo  are  retarded  f  and! 
when  they  conie  out  of  wide  into  narfo>^  fpaces  they 
are  again  accelerated;   and  fo  each  particle  is  retarded 
and  accelerated  by  turns  for  even     Thefe  things  will 
come  to  pafs  in  a  rigid  veflel.     For  the  ftate  of  vor- 
tices in  an  infinite  fluid  is  known  by  cor.  6*  of  this 
propofitioni 

I  have  endeavoured  in  this  propofition  to  invcfti- 
gate  the  properties  of  vortices>  that  I  might  find  whe- 
ther the  celeftial  phaenomena  can  be  explained  by  them.' 
For  the  phaenomenon  is  this,  that  the  periodic  tiitles  of 
the  f  lanets  revolving  about  Jupiter,  are  in  the  fefquf- 
plicate  ratio  of  their  diftances  from  Jupiter's  centre;  and 
the  fame  rule  obtains  alfo  among  the  Planets  thsft  re- 
volve about  the  Sun.     And  thefe  rules  obtain  alfo  with 
the  greateft  accuracy,  as  far  as  has  been  yet  difcovered 
by  aftronomicai  obfervation.    Therefore,  if  thofe  Pla- 
nets are  carried  round  in  vortices  revofving  about  Ju- 
piter and  the  Sun,  the  vortices  muft  revolve  according 
to  that  law.     But  here  we  found  the  periodic  times  of 
the  parts  of  the  vortex  to  be  in  the  duplicate  ratio  of 
the  diftances  from  the  centre  of  motion;  and  this  ratio* 
cannot  be  diminiftied  and  reduced  to  the  fefquipliVate,' 
linlefs  either  the  matter  of  the  vortex  be  more  fluid,' 
the  farther  it  i^  from  the  centre,  or  the  re{iff:^nee  ati- 
fing  from  the  \^ant  of  lub^^icity  in  the  parts  of  the^ 
fluid,  ftiould,  as  the  velocity  vi^ith  which  t'hepart!?  of 
the  fluid  are  feparatdd  goes  on  increafing,  be  augmcn^- 
ted  with  it  in  a  g;reater  ratio  than  that  in  which  rhtf ' 
velocity  increafes.     But  neither  of  thefe  fuppoflrionV 
feem  rcafonable.    The  more  grofs  and  lefs  fluid  parr$ 
O  z  wilt 
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\rtll  tend  to  the  circumference,  unlefs  they  are  heavy 
towards  the  centre.   And  tho*,  for  the  fake  of  demon- 
flration,  I  propofed,  at  the  beginning  of  this  Se<9:ion> 
an  hypothelis  that  the  refiftance  is  proportional  ta  the 
velocity,  neverthelefs,  'tis  in  truth  probable  that   the 
refiftance  is  in  a  Icfs  ratio  than  that  of  the  velocitv. 
Which  granted>  the  periodic  times  of  the  parts  of  tne 
vortex  will  be  in  a  greater  than  the  duplicate,  ratio  of 
the  diftances  from  its  centre.    If,  as  (bme  think,  the 
vortices  move  more  fwiftly  near  the  centre,  then  flower 
to  a  certain  limit,  then  again  fwifter  near  the  circum- 
ference, certainly  neither  the  fefquiplicate,  nor  any  o« 
ther  certain  and  determinate  ratio  can  obtain  in  them. 
Let  f>hiIofophers  then  fee  how  that  phenomenon  of  the 
fefquiplicate  ratio  can  be  accountea  for  by  vortices. 


Proposition  LIII.     Theorem  XLL 

Bodies^  carried  about  in  a  vortex  and  returni^ 
in  the  fame  or  by  are  of  the  fame  denfity  with 
the  vorteXy  and  are  moved  according  to  the 
fame  law  with  the  parts  of  the  vortex^  as 
to  velocity  and  direction  of  motion. 

For  if  any  fmall  part  of  the  vortex,  whofe  particles 
or  phyfical  points  preferve  a  given  fituation  among 
each  other,  be  fuppofed  to  be  congealed;  this  particle 
will  move  according  to  the  fame  bw  as  before,  fince 
no  change  is  made  either  in  its  denfity,  vis  itjfitay  or 
iigure.  And  again,  if  a  congealed  or  folid  part  of  the 
vortex  be  of  the  fame  denfity  with  the  reft  of  the  vor« 
texy  and  be  refolved  into  a  fluid,  this  will  move  ac* 
cording  to  the  fame  law  as  before>  except  in  fo  &  as 
its  particles  now  become  fluid>  may  be  moved  among 
themfelves.    Negleft  therefore  the  motion  of  the  par* 

tides 
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tides   among  themfelves,  as  not  at  all  concerning  the 
progrefli  ve  motion  of  the  whole,  and  the  motion  of  the 
whole  will  be  the  fame  as  before.     But  this  motion 
will  be  the  fame  with  the  motion  of  other  parts  of  the 
vortex  at   equal  diftances  from  the  centre;  becaufethe 
folid>  nov^  refolved  into  a  fluid,  is  become  perfedly 
like   to  the  other  parrs  of  the  vortex.     Therefore  a 
folid,  if  it  be  of  thd  fame  deniity  with  the  matter  of 
the  vortex,  will  mc^re  with  the  fame  motion  as  the 
parts  thereof,  being  relatively  at  reft  in  the  matter  that 
furrounds  it.    If  it  be  more  denfe,  it  will  endeavour 
more  than  before  to  recede  from  the  centre;  and  there- 
fore overcoming  that  force  of  the  vortex,  by  which* 
being  as  it  were  kept  in  equilibrio,  it  was  retained  in 
its  orbit>  it  will  recede  from  the  centre,  and  in  its  re* 
volution  defcribe  a  fpirah  returning  no  longer  into  the 
fame  orbit.  And  by  the  fame  argument,  if  it  be  more 
rare  it  will  approach  to  the  centre.     Therefore  it  can 
never  continually  go  round  in  the  fame  orbit,  unlefs  it 
be  of  the  fame  dcnfity  with  the  fluid.     But  we  have 
ihewn  in  that  cafe,  that  it  would  revolve  according  to 
the  fame  law  with  thofe  parts  of  the  fluid  that  are  at 
the  fame  or  equal  diftances  from  the  centre  of  the 
vortex. 

Cor.  I.  Therefore  a  folid  revolving  in  a  vortex, 
and  continually  goine  round  in  the  fame  orbit,  is  rela- 
tively quiefcent  in  the  fluid  that  carries  it. 

Cor.  2.  And  if  the  vortex  be  of  an  uniform  denfi- 
tv,  the  fame  body  may  revolve  at  any  diftance  from 
the  centre  of  the  vortex. 


SCHOLIU  M» 

Hence  it  is  manifeft,  that  the  Planets  are  not  carried 
tound  in  corporeal  vortices.  For  according  to  the  Ci« 
fcrmcoH  hypothefisy  the  Planets  going  round  the  Sun, 

O  5  revolve 
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fevolve  in  ellipfes,  having  the  Sun  in  their  common 
focus  5  and  by  radii  drawn  to  the  fun  defcribe  areas 
proportional  tq  the  times.  But  now  the  parts  of  a 
vortex  can  never  revolve  with  fuch  a  motion.  Let 
JIP,  BEf  CFy  (Pi'9^Pig*l)  rcprefent three  orbits de*- 
icribed  about  the  Sun  5,  of  which  let  the  utmoft  circle 
CF  be  concentric  to  the  Sun;  and  let  the  aphelia  of 
the  two  innermoft  be  -^,  B;  and  their  perihelia  Dj  E. 
Therefore  a  body  revolving  in  the  orb  CFj  defcribing, 
by  a  radius  drawn  to  the  Sun,  areas  proportional  to  the 
times,  will  move  with  an  uniform  motion.  And  accor- 
ding to  the  laws  of  aftronomy,  the  body  revolving  ia 
the  orb  ^E  will  move  flower  in  its  aphelion  By  and 
fwifter  in  its  perihelion  £5  whereas,  according  to.  the 
jaws  of  mechanics,  the  matter  of  the  vorttx  oiight  to 
liiove  more  fwiftly  in  the  narrow  fpace  between  A  and 
P,  than  in  the  wide  fpace  between  D  and  F-y  that  is, 
more  fwiftly  in  the  aphelion  than  in  the  perihelion.  Now 
thefe  two  conclufions  contradid  each  other.  So  at  the 
beginning  of  the  fign  of  Virgo,  where  the  aphelion  of 
Mars  is  at  prc(cnt,  the  diftance  between  the  orbits  of 
Mars  and  Venus  is  to  the  diftance  between  the  fameorbits 
at  the  beginning  of  the  fign  of  Pifces,  as  about  5  to  25 
and  therefore  the  matter  of  the  vortex  between  thof|J 
orbits  ought  to  be  fwifter  at  the  beginning  of  Pifces, 
than  at  the  beginning  of  Virgo,  in  the  ratio  of  j  to  2. 
jFor  the  narrower  the  fpace  is,  thro*  which  the  fam^ 
quantity  of  matter  pafles  in  the  fame  time  of  one  re- 
volution, the  greater  will  be  the  velocity  with  which 
it  paffcs  thro*  it.  Therefore  if  the  Earth  being  rekf- 
tively  at  reft  in  this  celcftial  matter  ftiould  be  carried 
round  by  it,  and  revolve  together  with  it  about  the 
Sunj  the  velocity  of  the  Earth  at  the  beginning  of  Pifces 
would  be  to  its  velocity  at  the  beginning  of  Virgo  in  a 
fefquialteral  ratio.  Therefore  the  Sun's  apparent  diurnal 
motion  at  the  beginning  of  Virgo,  ought  to  be  above 
70  minutes;  and  at  the  beginning  of  Pifces  lefs  than  48 
;^  '  minutes^ 
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minutes.  Whereas  on  the  contrary  that  apparent  moti- 
on of  the  Sun  is  really  greater  at  the  beginning  of  Pifces 
than  at  the  beginning  of  Virgo,  as  experience  teftifies; 
aqd  therefore  the  earth  i3  fwifter  at  the  beginning  of 
Virgo  than  at  the  beginning  of  Pifce^*  So  t;]^  the  hy- 
pothefis  of  vortices  is  utterly  irreconcileabl^^ith  aftrp- 
jiomical  phaenomena,  and  rather  ferves  to  pierplex  thaa 
explain  the  heavenly  motions.  How  thefe  motions  arc 
performed  in  free  fpaces  without  vortices,  rtiay  be  un- 
iderftood  by  the  firft;  bcpfcjj  and  I^ihall  now  more  fully 
treat  of  ic  in  ^th^e  following  book  of  the  Sjftcm  of  the 
Worldf^  V  '    . 


O  4  O  F 
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__  OF    THE  ...^-^ 

SYSTEM 

O  F    T  HE 

WORLD. 

BOOK    III 


N  the  preceding  books  I  have  laid  down 

the  principles  of  philoTophy;  principles^ 

not  philofophical,  but  mathematical ;  fucb, 

to  wit,  as  we  may  build  ^oux^mfoningj 

upon  in  philofophic^ 'enquuies.  "^^  Thtfc 

principles  are>  the  laws  and  conditions  of  certain  moti- 

(I  onSf  and  powers  or  forces^  which  chiefly  have  refpeft 

yy    J  to  philofophy.    But  left  they  £bbuld  nave  appeared 

>'  V  '  of  themfelves  dry  and^qreny  I  have  illuftratedf  them 

here  and  there»  with  fome  philolbphical  fcboUums^  gi- 

nring  an  account  of  fuch  thmgs,  as  are  of  more  general 

nature,  ^^'  which  philofophy  feems  chiefly  to  be 

founded  on ;  fuch  as  the  denfity  and  the  refiuance  of 

bodies. 
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bodies^  fpaces  void  of  all  bodies,  and   the  motion  of 
light  and  founds.     It  remains,  that  from  the  fame  prin-  '  cr^"^"^ 
ciples,    I  now  demonftrate  the  fraS5S  of  the  Syftcm  of  ^'^r\^\^ ' ''^ 
the  World.     Upon  this  fubjcd,  I  had  indeed  composed  c*'^*  "*'/;! 
the  third  book  in  a  popular  method,  tBat  it  might  bcjvv.t*i«^ 

^rgd  by  many.     But  anerwards  confidering  that  fuch  iIm^mu/^ 
asliad  not  fufficiently  cntju^'dinto  the  principles,  could 
notjCafiJIj^flifcern  the  ftrengthofthc  confcquences,  nor  f^^^-  >^ 

^^i^^jlfide  the  prejudices  to  which  they  had  been  ma- 
>^y  XSS  3<^cuftomed;  therefore  to  prevent  the  difputes  ^t^'^'-^'^ 
whicn^igEt^ie^^^^^  fuch  accounts,  I  chofcto   r^^^V^" 

reduce  the  fubftance  oT^that  book  into  the  form^oT  ^^'*^'''^' 
propofitions  (in  the  mathematical  way)  which  (hould 
be  read  by  thofe  only,  who  had  firft  made  themfelves.  ^^  ^  ^^  *>    ^ 
iaaftersx)f  the  principl^T'cttablifli'd   in  the  preceding  ^'^:rV*''X-*^' 
books.    Not  that  I  would  ^dvife  any  one  to  the  pre-^.^^  \m  . 
vious  ftudy  of  every  propofiTion  of  thofe  books.    For  ^'^<^ 
they  abound  with  fuch  as  might  coft  too  ipuch  time» 
even  to^^rs  of  caod  maibSmticauearning.     It  is  e?      , '^^    j  ^ 
nough  if^nS^  careftu^^  dcfirJftions,    the  laws  i'Vl'^j  Jyv 

of  motion,  and"7Kc~nrfl:  ^tnreeTeftions  of  the  firft  book* 
It.  JHe  may  then  pafs  on  to  this  book,  of  the  Syftem  of  the 

World,  and  confult  fuch  of  the  remaining  propofitions  Y^l*  1m 
of  the  firft  two  books,  as  the  references  m  this,  and  his 
occaCons,  (hall  require.      ^  ,  /im 


'  ^  /?  '^      V  .    A  **  JS     /      /  ^ 


t^ 
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THE 


R   U   L  E  S 

OF 

Reasoning  in  Philosophy, 

^  O/'TsS^  V  <Xx  v'-v  <Cv  JTt? 


i^  are  to  admit  no  more  caufes  of  natural 
things y  than  fuch  as  are  both  true  and  fuf 
fcient  to  explain  their  appearances. 

To  this  purpofe  the  philofophers  fay,  that  Nature 
do^'s  nothing  in  vain,  and  more  is  in  vain,  when  lefs 
willferve;  For  Nature  is  pleased  with  fimplicity,andaf-; 
fe£ts  not  the  potfip  of  fuperfluous   caufes. 


RULJ  II. 

Therefore  to  the  fame  natural  ejfe£ts  we  muji^ 
(as  far  as)poJfible^  ajign  the  fame  caufes. 

As  to  reipiration  in  a  man,  and  in  a  bcaftj  the  de« 
fcent  of  ftones  in  Europe  and  in  America  \  the  light  of 
our  culinary  fire  and  of  the  Sun;  the  refleflioti  of  light 
ip  the  Eai'th^and  in  the  Planets, 


R  U£,  JJ 
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Rule  III. 

The  qualities  of  bodies y  which  admit  neither  wh 

tenfim  mr  nm^oj^  of  de^reeSy  a^d  which  ^re^f^T^X 
found  to  belo^To  all  bodies  within,  the  reach  ^c^^^^wtu  v 
of  our   experiments^  are  to  be  ejiemed  themn^  h\':^^u  \ 
verfal  qualities  of  aU  bodksiwhatf(}£y^^i^^^^ 

For  fince  the  qualities  of  bodies  are  only  known  to  /uu^t   >^'^ 
^^yV?^  by  "experiments,  we  are  to  hold,  for  univerfal,  all  yf' ^^^  ^ 
jTuch  as  univerfally  agree^  with  experiments;    and  fuch  tvWA^      • 
as  are  not  liable  to  diminution,    can  never  be  quite  /H^\^  V^ 

tHe  evidence  of  experiments    for  theTake  of  dreams ,  ,  *, 
and  vain  factions  ot  our  own  q^viung;  tior  are  we  to  jo^^xvm 
a,  irece^e  from  the  analc^y  oTKifure^,*    whicK  ufes  to  be  ac(>ittv^>> 
pimple,  and  always  confon^ntto  itfelf.     We  no  other-'  c  v^  U^  •^^  l 
ways   know   the  exteiSfibn  of  bodies,   thap   by  ous 
fenfes,  nor  do  thefe  reach  it  in  all  bodies;  tut  bccaufe  t^i! <rt  *  ^  ^  ^ 
we  perceive  extenfion  in  all  that  are  fenfible,    therefor^ 
we   afcribe  it  univerfally   to  all  others    alfo.      That  +/  h^  - 
abundance  of  bodies  are  hard  we  learn  by  experience.        t  ^A 
And  becaufe  the Jiardnefs  ot^e  wligle  yifo  from  the  r^t^^i 
bardnefs  of  the  parts/^&'  therefore  futfly  infer  the  hard-  y.r^tcif^vux.' 
nefs  of  tb^  undivided  partjcles  not  only  of  the  bodies, 
we  JksLbut  of  all  others.  .   That  all  bodies  are  im- ^c-^t^^v -^ 
penetrable,  we  gather  not  from  reafon,  but  fromfenfa-i  c.>^  ^,v  v  v\ 
tion.     The  bodies  which  we  handle  we  find  impene*  jt.i f  / ,  •.- 
irable,  and  thence  copclude  impenetrability  to  be  aa'^^Mfi  v    < 
iiniverfal  property  of  all  bodies  whatfoever.     That  all 
'  bodies  are  moveable,  anj  enjow/d  with  certain  powers    ^  '       - 
(which  we  call  the  vires  inerfk)  of  perfevering  in  their 
^notion  or  in  their  reft,    we  only  infer  from  the  like  >k>.   ,    ^ « 
properties  obferv'd  in  ^he  bodies  which  .^e  have  feen.  ^rt^^**^  i 
The  extenfion,    hardnefs,    impenetrability,   mobility^ 
^nd  vis  inmi^  of  the  whole,  refult  frota  the  exten- 
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fion>  hardtiefsy  impenerrabilicyy  mobility,  and  vires 
inertU  of  the  parts :  and  thence  we  conclude  the  leaft 
particles  of  all  bodies  to  be  alfo  all  extended^  and  hard, 
and  impenetrable,  and  moveable,  and  endowed  with  their 
proper  vires  inertU*     And  this  is  the  foundation  of  all 

itlcAv.  .A    philpfophy-    Moreover,  th^^ 

particles  of  bodies  may  be^eparated  from  one  another, 
is  matter  gf  obfervation  j   and,  in  the  particles  that j;e- 

uA..u>.u.,v  n»fn  undivided,  our^s  are^Hto  diftinguiih  yet 
H    lelTef  parts,    as  is  mSthematically  demonftrated.     But 

"^  ^'T''^  ^hg^^^f^  the  parts  fo  diftinguifti'd,  and  not  yet  divided, 

f.^vx^  '^  may,  by  the  power?  of  nature,  be  aftually  divided  and 
feparatea  from  one  another,  we  cannot  certainly  deter- 

A'^^  <-^~  mine.    Jfet  had  we  the  proof  of  but  one  experiment, 

.<*^  *     *  ^'that  any  undivided  particle,  in  breaking  a  hard  and  fo- 
t  k\\xv\  ^*^  hocfy,  fufFer'da  divifion,  we  might  by  virtue  of 

^vtt  \\  V  ^j^.^  ^^j^^  conclude,  that  the  undivided  as  well  as  the 
divided  particles,  may  be  divided  and  aftually  feparated 
to  infinity. 

LvNcvlu^^vdlt  Laftly,  If  it  univerrally  appears,  by  experiments  and 

lno>  V  ^-^  v->  aftronomical  obfervations,  that  all  bodiesabout  the  Earth, 
gravitate  towards  the  Earth  ;  and  that  in  proportion  to 
the  quantity  of  matter  which  they  feverally  contain  ; 
that  the  Moon  likewife,  according  to  the  quantity  of 
its  matter,  gravitates  towards  the  Earth ;    that  on  the 

-,^^^^  /  other  hand  our^ea  gravitates  towards  the  Moon;  and 
all  the  Planets  mutually  one  towards  another  ;  and  the 
Comets  in  like  manner  towards  the  Sun ;  we  muft,  in  con» 

^^\^^;i[^(.fequence  of  this  rule,  univerfally  allow,  that  all  bodies 

4^^ai^  M  whatfoever    are    endow'd  with  a  principle  of  mutual 

gravitation.    ForlKe  argument  from  the  appwrapj^cs^ 
concludes  with  more  force  fof    the  univerlal  gravita- 
tion of  all  bodies,  than  for  their  impenetrability  ;  of 

.  \ ;  f  which  among  thofe  in  the  celeftial  regions,  we  have  no 

experiments,  nor  any  manner  of  obfervation.       Not 
that  I  aflBu'm  gravity  to  be  efTential  to  bodies.     By  their  >f  vv 
i     vis  inSta  I  mean  nothing  but  their  vis  inertU.     This 
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is  immutable.    Their  gravity  is  dimini(hed  as  they  re- ,  w  /^ ,  c  ^ 
cede  from  theEarth.  -^'^^  ^ 

Rule  IV.  ,  , 

Ih  experimental  Mofiphy  we  are  to\hok>upm 

prapqfhums  coueifed  by  general  mduStimfrtm  /^^^^^^^-^ 
ph^enamena  as  ^fcuj^^ly  w   very  V^h  ttju^  v<  va^A  i^ 
mt'withfiandini^ny^cantrary  hyfoWeJes  that  o^A^y*M^ 
tnay   be  imaginedy     till  Jiich  time  as  other  V^xxV^, 
phienomena  occur^  by  wBich  they  may  either  be  ^tcvvv  v/ 
made  mere  accurate^  ariUable  to  exceptions. 

This  rule  we  muft  foUow  that  the  amunent  of  in- 
dudion  may  not  be  evaded)  by  hypothefcu 


THE 
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THE 

Phjenomena  or  Appj^arance^. 


PHiENOMEJION    I. 

That  the  circumjavial planets^  by  radij  drawn 
to  Jupiter's  ^^^>  defer ibe  areas  pfopottio- 
ftal  to  the^lfmes  of  defer ipt ion ^  and  that 
their  periodic  times ^  the  fixed  Stars  being  at , 

(\ )    tefly  are  in  the  Jefquiplicate  proportion  of 

their  diftances  from  ft s  center. 

TH I S  we  know  from  aftronomical  obfervations. 
For  the  orbits  of  thcfe  planets  differ  but  infenfibly 
from  circles  concentric  to  Jupiter ;  and  their  Motions  in 
thofe  circles  are  found  to  be  uniform.  And  all  aftrono- 
mers  agree,  that  their  periodic  times  are  in'  the  fefqui- 
^^''^  '*^  plicate  proportion  of  the  fcmidiameters  o^  their  orbits  : 
and  fo  it  manifeftly  appears  from  the  following  ta« 
ble. 

The  periodic  times  of  the  Satellites  of  yttpiter^ 

^  J  ,  .        *.  ^  Digitized  by  CjOOQle 
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The  0Ufla9KisvftbeSaullkesfr0m  J$i^er*s  emir. 

from  the  obfervatiom  of 

Borelli 

Townleyij?  the  Micros 

Caffini  by  the  Telefcope^ 

Caffini  by  the  ec/ip,  ofthefdteh 

*  '  ■  -  - 

From  the  periodic  tiptes-  5*66719,01 7|i  4*3 ^4  ^5,29*^ 

Mr.  Pound  his  determined  by  ihejielp  of  excellent  ^jg^^Ji^ 
micrometers,  the  diameters  of  Jupiter  ana  theelongatioa 
of  its  fatcUitcs  after  the  following  manner.    The  great- iU>vJL^ 
eft  heliocentric  elongation  of  the  fourth  faeeUite  frocA 
Jupiter's  centrejMS  taken  with  a  micrometer  in  a  1 5  foot  yvU/^    • 
telefcope,  and  aftne  mean  diftance  of  Jupiter  fr£nrtEe  \r\jL^^ 
Earth  was  found  about  S'.  16".  The  elongation  of  the 
third  fatelike  was  taken  with  a  micrometer  in  a  tekf-        ^ 
cope  of  125  feet,  and  at  the  fame  diftance  of  Jupiter 
from  theBarth  was  found  4'.  41".  The  greateft  elonga- 
tions of  the  other  fatellites  at  the  fame  diftance  of  Jupi- 
ter from  the  Earth,  are  found  from  the  periodic  times 
tobe  z\  56'^  47".  and  i'.  51".  6"[. 

The  diameter  of  Jupiter  taken  with  the  micrometer 
in  an   123  foot  telefcope  feveral  times,  and  reduced  to 
Jupiter's  mean  diftartce  from  the  Earth,  proved  always 
lcfsthan4o'^',  never  lefs  than  58",  generally  jp".  This 
diameter  in  jhorccr  telefcopes  is  40",  or  41".    For  Ju-  .\^^^  .  ,w  „ 
piter's  light  Is  a  little  dilated  by  the  unequal  refrangibi-;^^^;,^,^). 
lity  of  the  rays^^and  this  dilatation ^ears  a  lefs  ratio  to  r-^o<.;;.^ 
the  diameter  of  Jupiter  in  the  longerlfnd  more  perfeA       ^ 
telefcopes,  than  in  thofe  which  are  ftiorter  and  lefs  per- 
feS.    The  times  in  which  two  fatellites,  the  fir  ft  and 
the  third,  paffed  over  Jupiter's  body,  were obferved,  from 
the  beginning  of  the  ingrefs  to  the  beginning  of  the  e- 
grcfc  and  from  the  complete  ingrefs  to  the  complete 
cgrels,  with  the  long  telefcope.    And  from  the  tranfit 
^fthe  firftfatellke^  ihedi»aeter  of  Jupiter  at  its  mean 

diftanco 
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irth,/camefonh)37-J",  andfromthe 
57-^  >  TKerewas  c^ferved  alfo  the 
time  in  which  the  (badow  of  the  firft  fatellite  pafs'd  o* 
ver  Jupiter's  bodyriHd^thence  the  diameter  of  Jupiter 
at  its  mean  diftance  from  the  Earth  clame  out  about  37'^ 
*Lct  us  fuppofe  its  diameter  to  be  xjj^'  very  nearly,  and 
uien  the  greateft  elongations  of  the  firft>  fecond,  third 
and  fourth  fatellite  will  be  refpeftively  equal  to  ^^96%  9 
P»45^49   I5>i4i9  ^nd  1^9^  J  femidiameters  of  Jupiter. 

Ph^enomenon.  IL 

That  the  clrcumfaturnal planets ^  by  radij  drawn 
to  Saturn  s  center^  defcrtbe  areas  proportional 
to  the  times  of  defcription^  and  that  their 
periodic  times  ^the  fixed  Stars  being  at  refl,  are 
in  the  fefquiplicate  proportion  of  their  dip- 
tances  from  its  centre. 

For  as  Ctijjini  from  nis  own  obfervations  has  determin'dy 
their  diftances  from  Saturn's  centre^  and  their  periodic 
times  are  as  follow. 

Theperioilic  times  of  the  fiuellkes  of  Saturn. 

i^.2i^i8'.  27".  !<*.  17^41'.  22".  4^.12^25'.  1 2". 
15^.  22^41'.  14".  79*1.  yh.  48'.  00". 

The  diftances  of  the  fateUites  from  Sat  tern's  center,  injemi'- 
diameters  of  its  Ring. 

From  obfervations  i^f.     2J.        jf .    8«     24. 

f^romtbe  periodic  times.  1%  9y.  ^)47«  3)  45- S*  ^3)  35* 

The  greateft  elongation  of  the  fourth  fatellite  from 
Saturn's  centre  is  commonly  determined  from  the  ob« 
fer  vat  ions  to  be  eight  of  thole  fcmidiameters  very'  near-v 
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y.      But  the  grcateft  elongation  of  this  fatcllitc  from 
!acurn*s  centre,  when  taken  with  an  excellent  micrometer 
n  M..  Hujgcni%  telefcope  of  125  feet,  appeared  to  be 
^ght   femidiameters  and  1^0  of  a  femidiameter.     And 
From  this  obfervation  and  the  periodic  times,  the*  dif- 
tances  of  the  fatellites  from  Saturn's  centre  in  femidia- 
meters   of  the  Ring  are  1,1.  2,<Jp.   5,75.  8,7.  and 
^-S^S  5*     The  diameter  of  Saturn  obferved  in  tlie  fame 
telefcope  was  found  to  be  to  the  diameter  of  the  Ring 
as  5  to  7, and  the  diameter  of  the  Ring,  Mat  28,  2p.  anv^^^^-* 
1719.  >vasfoundtobe4}".  And  thence  th^  diameter  of 
the  Ring  when  Saturn  is  at  its  mean  diftance  from  thd 
Earth  is  42",  and  the  diameter  of  Saturn  18".     Tliefc 
things  appear  fo  in  very  long  and  excellent  tclefcopes,  be- 
caufe  in  fuch  telefcopes  the  apparent  magnitudes  of  the  , 

Vieavenly  hodid  beam  e^        proportion  to  the  dilatatioa  '^n^  *-  ^ 
of  light  in  the  ertremities  of  thofe  bodies,  than  in  fhor*  /wv»j\  ^lusl  vv«>  ^^^ 
jgr  telefcopes.  If  we  then  rejeft  all  the  fpurjous  light,  the  )^\k  /*^  k 
diameter  of  Saturn  will  not  amount  to  more  than  \6". 

PHiENOMENON   IIL 

That  the  five  primary  Tlanets^  Mercury,  Venus^ 
Mars^  Jupiter  and  Saturn,  with  their  feve* 
ral  orbits^  epcompafs  the  Sun. 

That  Mercury  and  Venus  revolve  about  the  Sun,  is 
evident  from  their  moon-like  appearances.    When  they 
HJjige^out  with  ai^j^JljFace,  they  are  in  refpeft  of  uSf  ' 

^^yond  or  above  tncSun ;  when  they  appear  half-full^  rtvv^\cvlU»^ 
tKeylre  about  the  fame  height  oq  one  fiae  or  other  of 
the  Sun ;  when  horned,  they  are^ticlp;^  ^^  between,  us  and      ^  y  a  .  '*  • 
the  Sun,  and  they  are  fomctiinesil  when  dktUly  under^  .^*     -^ 
fcen  like  fpots  traverfing  the  Sun's  disk.     That  Mars  .;^\r; 
"irrounds  the  Sun,  is  as  plain  from  its  full  face  when  \\c^^' 
^jts  conjun(Sion  withtEe  Sun,  and   from  the  gib- 
iTfigure  which  it  ihewj  in  its  quadratures.    And  the 
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fame  thing  is  dcmonftrablc  of  Jupiter  and  Saturn,  from  "^ 
I  ,         their  appearing  full  in  all  fituations;    forthe  fliadows    i' 
^Nviri         ^^  ^^^^  fatelHtes  that  appear  fometimesupon  their  disks 

^^v>X^^      "^^  ^^  P'^^^  ^^^^  ^'^^  '*S"^  ^^^y  fliiflS  with,  is  not  tlicir 

own,  but  borrowed  from  the  Sun.  A*^^:^ 

PHiENOMENON    IV* 

That  the  fixed  Stars  being  at  refty   the  peri- 

cUmc    4^dic  times  of  the ^e^  primary  Planet Sj  ami 

^^-u<^(  whether  of  theSun  about  the  Earthy  or  ) 

^  of  the  Earth  about  the  Sun,  are  in  thefef- 

quiplicate  proportion  of  their  mean  diftances 

from  the  Sun. 

This  proportion,  firft  obferv'd  by  KepUr^  is  now  rd* 
Ceiv'd  by  all  aftronomers.  For  the  periodic  times  are  the 
iame,     and  the  dimenHons  of  the  orbits  are  the  fame^ 
-  V  -  \v<A^    i?yhether  the  Sun  revolves  about  the  Earth,  or  the  Earth 
about  the  Sun.    And  as  to  the  meafures  of  the  perio«- 
^^^^^^  die  times,  all  aftronomers  are  agreed  about  them.     But 
"^^  ^    for  the  dimenfions  of  the  orbits, "Xy/w^  and  BtHliaLks, 
(v^v'-A.    jibove  all  others,  have  determined  them  from  obferva- 
tions  with   the  greateft  accuracy:  and  the  mean  dif- 
tances correfponding  to  the  periodic  times,  difiPer  but 
infcnfibly  from  thofe  which  they  have  affign'd,  and 
for  the  moft  part  fall  in  between  them ;  as  we  may  fet 
firom  the  following  Table. 

The  periodic  timeSy  with  reJpeSl  ta  the  fixed  Stars,  of  the  ?U* 
nets  oftd Earth  rcvolyingabout  the  SuH,  indajsanddcci" 
md  parts  of  a  da,]. 

h  %  9  8  8^ 

10759,275.    4332,514.    686,97«5.    365,2,565.    224,6176. 

f  7, 9692. 

Tii 
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Tb€  mean  diflances  of  the  Planets  and  of  the  Earth  from 

the  Sun. 

According  to  K^ler     551000.     515550.     152550, 
ToBuIiialdus  Pf4i98.     522520.     i5255o^ 

To  the  periodic  Times  554005.     52005^.     I52355* 

S  $  9 

According  to  Kefler     looooo.      71400.      liiod. 

To  BulUaidns  1 00000.      72358.       38585% 

To  the  periodic  times    looooo.      7i}53.       38710. 

As  to  Mercury  and  Venus,  there  can  be  no  doubt  jkv\  Aa>Y 
about  their  diftances  from  the  Sun ;  for  they  are^deter- 
min'dby  the  elongations  of  thofe  Planets  from  the  Sun* 
And  for  the  diuances  of  the  fuperior  Planets,  all  di£^ 
puteis  cut  off  by  the  eclipfes  of  the  fatellites  of  Jupi« 
ter.  For,  by  thofe  ecUpies,  the  pofition  of  the  &a-  ^^viX  i<^ 
dow,  which  Jupiter  projefts,  is  determined ;  whence 
we  have  the  neliocentric  longitude  of  Jupiter.  And 
from  its  heliocentric  and  geocentric  longitudes  corn* 
parM  together^  we  determine  its  diftancc. 

Phenomenon  V. 

Then  the  primary  TlanetSy  by  radij  drawn  t& 
the  Earthy  defcribe  areas  ( no  wife  proportion  ^*  *     : 
naltothe  times-.  But  that  the  areas ,  which 
they  defcribe  by  radij  drawn  to  the  Sun^ 
are  proportional  to  the  times  of  defcriptioru 

For  to  the  Earth  they  appear  fometimesdireft,  iomti 
times  ftationary,  nay  and  fometimes  retrograde.    But  j-v-  ^^ 
from  the  Sun  they  are  always  feen  direft,  and  to  pro-  |o,s  j/   , 
ceed  with  a  motion  JiearJy  uniform,  that  is  to  fay,   a 
Ijttie  fwifter  in  the  perihelion  and  a  little  flower  in  the    ,  '  •  > 
yv<rt-o  'Vva,\  vv-^x  P  Z^ 
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aphelion  diftances^  fo  as  to  maintain  an  equality  in  the 

jy^t-/*^^-  defcription  of  the  areas.     This  is  a  noted  propofirion 

^^i     ajngng  aftronoraers,  and  particularly  demonftrable  in 

^*  ""Jupiter,  from  thecclipfes  of  hisfatellites;  by  the  help 

*^yv^<^      of  which  eclipfes,  as  we  have  faid,  the  heliocentric  lon- 

gitudes  of  that  Planet)  and  its  diftadces  from  the  Sun 

are  determined 

PfliENOMENON    VL 

That  the  Mom  by  a  radius  drawn  to  the  EarthTs" 
centre y  defcrtbes  an  area  proportional  to  the 
time  of  defcription. 

This  wcjgatlw  from  the  apparent  motion  of  the 

^  Moon,  compared  with  its  apparent  diameter*    It  is  true 

ahat  the  motion  of  the  Moon  is  alittledifturbM  by  the 

/      ad^ion  of  the  Sun.      But  in  (laying  down)thefe  phas- 

'^ '  iK)mena>  I  negki^  thofe  ImaU  and  inconfiderable  errors* 


THI 
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THE 

PROPOSITIONS. 


Proposition  I.    Theorem  L 

T^at  the  forces  by  which  the  circumjovialTla^ 

nets  are  cmtinuallyK  drawn  off]from  r^^i-^ctt^^"^^^^ 
linear  motianSj  and  retained  in  their  ^proper 
orbitSy  tend  to  Jupiter's  centre  ;  and  are  re- 
ciprocally as  the  fquares  of  the  dijlances  of 
the  places  of  thofc  Planet?  from  that  cen-^ 
tre. 

THE  former  part  of  this  propofition  appears 
from  phaen.  i.  and  prop,  2.  or  5.  book  !•  The 
latter  from  phsn.  i.  and  cor.  6.  prop.  4.  of  the  fame 
book. 

The  fame  thing  we  are  to  underftaiid  of  the  Pknec^  ^''^  ^    ' 
which  encompafs  Saturn,  by  ph«n.  2^ 


P   }  PROPO^ 
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Proposition  II.     Theorem  II. 

^hat  the  forces  by  'which  the  primary  Tlanets 
are  continually  drawn  off  from  re^ilinear 
mot  ions  y  and  retain'd  in  their  proper  orbits^ 
tend  to  the  Sun  ^  and  are  reciprocally  as  the 
fquares  of  the  dijiances  of  the  places  of 
thofc  Planets  from  the  Suns  centre. 

The  former  part  of  the  propofition  is  manifeft  from 
phaen*  5.  and  prop.  2.  book  i.  The  latter  fromphaen. 
4.   and  cor.  6.  prop.  4.  of  the  fame  book.     But  this 
^  part  of  the  propofition  is,    with  great  accuracy^   de- 

\vA\viV  nionftrable  from  the  quiefcence  of  the  aphelion  points. 
, '  For   a   very  fmall  aberration  from  the    recifrocal  du- 

plicate proportion,  would  (by  cor.  I.  prop. 45.  book  I.) 
\    A     i      produce  a  motion  of  the  apfides,   fenfible  ^nough  in 
.  every  fingle  revolution,  and  in  many  of  thenTenor- 

;•;     ^    inouflygreat.^,.^^^^^^^,.4,  ,,.^x  c,  .^i... 

Proposition  III.     Theorem  III. 

That  the  force  by  which  the  Moon  is  retahid 
in  its  orbit y  tends  to  the  Earth  '5  and  is  re- 
ciprocally as  the  fquare  of  the  dijiance  of  its 
place  from  the  Earth's  centre. 

The  former  part  of  the  propofition  is  evident  from 
phaen.  6.  and  prop.  2.  or  3.  book  i.  The  latter  from 
the  very  flc^w  motion  of  the  Moon's  Apogee;  which 
in  every  ^fingte  revolution  amounting  but  to  i^  3'.  in 
confecjucntiay  may  be  neglefled.  For  ('by  cor.  i.  prop.  45. 
book  I.)  it  appears,  that  if  tlie  diftance  of  the  Moon 
from  the  Earth's  centre,  is  to  the  femidiameter  of  the 

Earthi 
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Earth,  as  D  to  i ;  the  force,  from  which  fuch  a  mo- 
tion will  refult,  is  reciprocally  as  D^^^y  /,  e.  reci- 
procally as  the  power  of  D,  whole  exponent  is  z  ^j, 
that  is  to  fay,  in  the  proportion  of  the  diftance  fome-^j  a  o 
thinjg;  greater  than  reciprocally  duplicate,  but  wBich 
comei  59^  times  nearer  to  the  duplicate  than  to  thc^w^u/cx 
^^  triplicate  proportion.     But  in  regard  that  this  motion 

is  owing  to  the  aftion  of  the  Sun,  (as  we  fl^lL  ajiper-  ^iu  >-^  ' 
wards  ftjew)  it  is  here  to  be  negleded.     Theactionof  o^^^^^*^^ 
the  Sun,  attrading  the  Moon  from  the  Earth,  is  nearly  <  aav 
as  the  Moon's  diftance  from  the  Earth ;  and  therefore 
(by  what  we  have  (hewed  in  cor.  2.  pr.  45.  book  i.) 
is  to  the  centripetal  force  of  the  Moon,  as  i  to  357i45> 
or  nearly   fo;   that  is,   as  i   to    178  %§.      And  if 
we  negled  fo  inconfiderable  a  force  of  the  Sun,  the  re- 


maining force,  by  which  the  Moon  is  retained  in  its     , 

orb,  will  be  reciprocally  as  D*.  This  will  yet  more^^^*^*'''^ 

^t^full^appear  from  comparing  this  force  witn  the  force  nv^<^^-^J(ii* 

^»^T^vi^  as  is  done  in  the  next  propofition.     _^  a'^^^^*^'^^^  ^ 


Cor.  If  we  augment  the  mean  centripetal  force  by 
which  the  Moon  is  retained  in  its  orb,  firft  in  the  pro- 
portion of  177  ^J  to  178  Jl,  and  then  in  the  dupU-  i^*<f 
care  proportion  of  the  lemidiameter^oTthc  Earth  to 
the  mean  diftance  of  the  centres  of  the  Moon  and  Earth  ; 
we  ftiall  have  the  centripetal  force  of  the  Moon  at  the  j^v^ 
furface  of  the  Earth  5  fuppofing  this  force,  in  deTcend- 
ing  to  the  Earth's  furiace,  continually  to  increafe  in 
the  reciprocal  duplicate  proportion  of  the  height.-,  ^tt^vV-^ 

Proposition  IV-     Theorem  IV* 

That  the  Moon  gravitates  towards  the  Earth  % 
andy  by  the  force  of  gravity  is  continually 
(drawn  off  1  from  a  reStuinear  motion^  and re^ 
Tamed  th  its  orbit; 

The  mean  diftance  of  the  Moon  from  the  Earth  ifi 
|he  fyzygies  in  femidiameters  of  the  Earth,  is,  accor- 

P  ^  ding 
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ding  to  Tnlonrf  and  nnoft  Aftronomcrs,  59,  according 
to  Vendelin  2indHuyge»s6o,  to  Copernicus  60  f,  to  Stire^f 
60  f ,  and  to  Tjfcho  55  ^.  But  Tjcho,  and  al^  that  fol- 
low his  tables  of  refraftion,  making  the  refraftions  of 

Ctt^dPcL,     ^^^  Sun  and  Moon  (altogether  againft  the  nature    of 
if       light)  to  exceed  the  refradions  of  the  fixt  Stars,  and 

ilvt      *tt    ^^^^  •'^y  /buF^  five  minutes  jtear  the  Horizon,  didfcu. 
Mltv*^^tto  thereby  increafe   the  Moon's    horiz/>ntal  parallax  ^''Hy 
a  like  number  of  minutes,  that  is,  by  a  twelfth,   or  fi:f>_ 

^^"^^^  teenth  part  of  the  whole  parallax.     Oorred  this  error, 
^  ^d  the  diftancc  will  become  about  60  \  femidiameters 

of  the  Earth,  near  to  what  others  have  affigned.     Lee 
us  affumg.  the  mean  diflance  of  60  diameters  in  the 
fyzygies;  and  fuppofc  one  revolution  of  the  Moon,  in 
refped  of  the  fixt  liars,  to  be  completed  in  27^.  7^45% 
as  Aftronomers  have  determined;  and  the  circumference 
of  the  Earth  to  amount  to  113249500  Paris  fcet^  as  |v^ 
th^  French  havcTounJ  by  menfuration.     And  now  i£^^i^ 
we  imagine  the  Moon,  deprived  of  all  motion,  to  be 
let  gO;  fo  as  to  defcend  towards  the  Earth  with  the 
impulfe  of  all  that  force  by  which  (by  cor.  prop.  5O 
it  is  retained  in  its  orb;  it  will,  in  the  fpace  of  one    . 
minute  of  time,  defcribe  in  its  fall  15  ,f,  Paris  ktu  fvu^i 
This  we  gather  by  a  calculus,  founded  either  upon  prop. 
3 5.  booK  I.  or  (which  comes  to  the  fame' thing)  up- 
on cor.  9.  prop.  4.  of  the  fame  book.    For  the  verfed 
fine  of  that  arc,  which  the  Moon,  in  the  fpace  of  one 
minute  of  time,  would  by  its  mean  motion  defcribe  at 
the  diftance  of  (Jo  femidiameters  of  the  Earth,  is  nearly  coAt 
1 5  A  P^^^^  f^^^f  or  more  accurately  1 5  feet,  iTHcn, 
and   I   line  f.    Wherefore,   fince  that  force,  in  ap- 
proaching to  the  Earth,  increafes  in  the  reciprocal  du- 
plicate proportion  of  the  diftance,  and,  upon  that  ac- 
count, at  the  furface  of  the  Earth,  is  60  x  60  times 
greater,  than  at  the  Moon;    a  body  in  our  regions, 
falling  with  that  foitre,  ought,  in  the  fpace  of  one  mi» 
nute  of  time,  to  defcribe  60  x  6ox  15  ^V  Paris  feftf 

and, 


^^^^xv^vvs^rt 


A^vv^' 


aVN 


iWv^^Jv^**^^*^ 


,i*v  t  -- 


i\  -\vic^\r.  Vvt 
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and,  in  the  fpace  of  one  fecond  of  time,  to  defcribe 
15  -—-    of  thofefeet;  or  more  accurately   15  feet,  i 
inch*   and  i  line  f.  And  with  this  very  force  weaftu- 
ally  find  that  bodies  here  upon  Earth  do  really  defcend*  cmlJc 
For  a  pendulum  ofcTHating  feconds  in  the  latitude  of 
Tarisy  will  be  5  ?ms  feet,  and  8  lines  \  in  length,  asy^^M-^v^^^i; 
Mr.     Hnjgens  has  obferved.     And  the  fpace  which  a      ^ 
heavy  bodv  defcribes  by  falling  in  one  fecond  of  time, 
is  to  half  tne  length  of  this  pendulum,  in  the  duplicate 
ratio  of  the  circumference  of  a  circle  to  its  diameter, 
Cas  Mr,  Hujgens  has  alfo  fliewn)  and  is  therefore  i  $ 
Torts  feet,  i  inch,  i  line  f .     And  therefore  the  force 
by  which  the  Moon  is  retained  ii>  its  orbit  becomes,  at 
the  very  furface  of  the  Earth,  equal  to  the  force  of 
gravity  which  we  obferve  in  heavy  bodies  there.     And 
therefore  (by  rule  i.  &  2.)  the  force  by  which  the 
Moon  is  retained  in  its  orbit,  is  that  very  fame  force,    , 
which  we  commonly  call  gravity.     For,  were  gravity  ^^  \^^^<^ 
another  force  different  from  that,  then  bodies  defccncf-        ,5 .      ^ 


n<^ 


ing  to  the  Earth  with  the  joint  impulfe  of  both  for-  ct?wv^^^ 
CCS  would  fall  with  a  double  velocity,  and  in  the  fpace 
of  one  fecond  of  time  would  defcribe  50  |  ?m$  leet;   ^^^  /<^. 
altqgfitherjgaiaiL  experience. 
^t*MA.^»  calculus  is  founded  on  the  hypothefis  of'thlft  .  .  r, 

Earth^S4ftan^  flill.  For,  if  both  Earth  and  Mood  t/^^^^^^'  ^ 
move  aoouttfie  "^un,  and  at  the  fame  time  about 
their  common  centre  of  gravity;  the  diflance  of  the 
centres  of  the  Moon  and  Earth  from  one  another*  will 
be  60  f  femidiameters  of  the  Earth ;  as  may  be  found 
by  a  computation  from  prop.  <Jo.  book  !♦ 


Scholium. 

The  demonflration  of  this  propofitiofi  may  be  more 
diflFufely  explained  after  the  following  manner.  Suppofc 
feveral  moons  to  revolve  about  the  Earthy  as  ii^  the  fy^^ 

fte» 
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ftera  of  Jupiter  or  Saturn ;  the  periodic  times  of  thefe 

moons  (by  the  argument  of  indiKftion)  would  obfcrve 
M  ^  ^^^  ^^^^  ^^^  which  KepUr  found  to  obtain  among  the 
^  Planets ;  and  therefore  their  centripetal  forces  would  be 

reciprocally  as  the  fquairlfi  of  the   diftances  from   the 

centre  of  the  Earth,  by  prop.  i.  of  this  book.  Now 
v^4H  (><H«^  if  the  bweft  of  thefe  were  very  fmall,  and  were  fo  near 

the  Earth  as  almoil  to  touch  thejco'^'^  ^^  ^^*^  K;«.u^n. 
^   ^        mountains;    the^ 'centripetal  force  th 
«.  vvi  \^     in  its  orb,  would  be  very  nearly  eq 

of  any   terrefirial  bodies   that  flioul 

the  tops  of  thofe  mountains,  as  may 
'  tic  V  t  f  /  foregoing  computation.     Therefore 

moon  Ihould  be  deferred  by  its  cen 

.1  d^^ri!?^  ^^  through  iis  orb,  and  fo  be  di 

..^vhviv^^'^^nward^  therein,  it  would  defcend  t 

Uwv^ilL  ^Inat^Wltlti  the  fame  velocity  as  heavy 

^  fall  with,  upon  the  tops  of  thofe  ver 

traufc  of  the  equality  of  the  forces 

both  to  defcend.      And  if  the  fon 
s^v*nJ^«|^  lowfift  moon  would  defcend,  were  d 

Vity,  and  if  that  moon  were  to  gra 

Earth,  as  we  find  terreftrial  bodies  do 

^mountains,  it  would  then  defcend  wii 

city,  as  being  impelled  by  both  thefi 

together.     Therefore  fince  both  th 

the  gravity  of  heavy  bodies,  and  th 

t)f  the  moons,  refpeft  the  centre  of 

fimilar  and  equal  between  themfelv( 

rule  I.  and  2.)  have  one  and  the 

therefore  the  force  which  retains  the  j 

is  that  very  force  which  we  commi 
^\^^         Jbecaufe  otherwife  this  little  moon  at  t 
^\cv.  rt\v5^^">  mulTcIther  be  without  gravitj  ^ 
^"  '  ''^^' f^riftly  as  heavy  bodies  ufe  to  do. 


Pap5 
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Proposition  V.     Theorem  V. 

That  the  circumjovial  Planets  gravitate  t(H 
'Zjz^ards  Jupiter 'y  the  circumfaturnal  towards 
Saturn  \  the  circumfoUr  towards  the  Sun\ 
and  by  the  forces  of  their  gravity  are(4ramn^^\^^^^ 
dO^from reBilinear  motions^  arid  retained ia 
curvilinear  orbits. 

Por  the  revolutions  of  the  circumjovial  Planets  about 
Jupiter)  of  the    circumfaturnal  about  Saturn,  and  of 
"Mercurv  and  Venus,  and  the  other  circumfohr  Planets 
about  the  Sun,  are  apjpearances  of  the  fame  fort  with 
the  revolution  of  the  Moon  about  the  Earth;   and 
therefore  by  rule  2.  muft  be  owing  to  the  feme  fort 
of  caufes ;    e^ecially  fince  it  has  been  demonftrated, 
that  the  forces,  upon  which  thofe  revolutions  depend, 
tend  to  the  centres  of  Jupiter,  of  Saturn,  and  of  the  .     , 

Sun;    and  that  thofe  forces,  in  receding  from  Jupiter^  $,.^^-0^'^- 
from  Saturn*  and  from  the  Sun,  decfeafe  in  the  fame 
proportion,  and  according  to  the  fame  law,  as  the  force 
of  gravity  does  in  receding  from  the  Earth. 

Cor.  I.  There' is  therefore  a  power  of  gravity  ten*  .   f    r  j^; 
ding  to  all  the  Planets.    For  doubtlefs  Venus,   Mer-i*^l'V,!\C 
cury,  and  the  refh  are  bodies  of  tBefarne  fort  with  Ju-  ^./v  ) 
piter  and  Saturn.     And  fince  all  attraftion  (by  law  3.) 
is  mutual,  Jupiter  will  therefore  gravitate  towards  all 
his  own  fatellites,  Saturn  towards  his,  the  Earth  to-^t^  ^^^^jm 
^rds  the  Moon,  and  the  Sun  towards  all  the  primary.   ^'^^Z'*    ^ 
planets^ 

Cor.  X.  The  force  of  gravity,  which  tends  to  any 
one  Planet,  is  reciprocally  as  the  fquare  of  the  diftancc 
of  places  from  that  Planet's  centre. 

Cor.  3.  All  the  Planets  do  mutually  gravitate 
towards  one  another^  by  cor.  i.  and  ii.    And  hence 

it 
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it  is,  that  Jupiter  and  Saturn,  when  near  their  cron- 
jundiony  by  their  mutual  attradions  fenfibly  difl:Xirl> 
each  other's  motions.  So  the  Sun  difturbs  the  motions 
of  the  Moon ;  and  both  Suci  and  Moon  diflurb  ocxr 
Sea>  as  wc  ftiall  hereafter  explained  ay  ^itu^W 

S  C  H  O  L  I  U  M» 

The  force  which  retains  the  celefli^  bodies  in  tlicit 

4      .    ,   orbits,  has  been  hitherto  called  centripetal  force.     Buc  it 

L^<^«   r  ^i^jjjg  now  made  "plain,  that  it  can  oe  no  other  than  s 

fravitating  force,  we  (hall  hereafter  call  it  gravity* 
or  the  caufeof  that  centripetaf  force,  which  retains  tno 
JMoon  in  its  orbit,  will  extend  it  felf  to  all  the  Planet^ 
by  ride  i«  z.  and  4. 


Proposition  VI.     Theorem  Vf* 

That  all  Mies  gravitate  towardslevery  fPla^ 
net  I  and  that  the  freights  of  bodies  towards 
any  the  fame  Tlanet^    at  equal  dijlances 

from  the  centre  of  the  Tlanet^  are  proportion 
nal  to  the  quantities  of  matter  which  they 

feverally  contain. 

It  has  been,  now  of  a  long  time,  obferved  by  others^ 
,^  that  all  forts  of  heavy  bodies,  (allowance  being  made 
for  the  inequality  of  retardation,  wBicFtFey  fufferfrom 
a  fmall  power  of  refiftance  in  the  air)  defcend  to  the  Earth 
from  equal  heights  in  equal  times :  and  that  equality 
of  times  we  mav  diftingui(h  to  a  great  acctu^cy,  by 
thejiclp  of  pendulums*  I  tried  the  thing  in  gold*  CAri^Y-^ 
'*  ^en^JcaS;  giafj,.^fandL^  common  fd^^  wood,  water,  aiid 
wjiekr    I  proVtclea*Two  wooden  boxes^  round  and  > 
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qual.      I  filled  the  one  with  woody  and  fufpended  an 
equal  weight  of  gold  (as  exadly  as  I  could)  in  the  yv-^Ju)t-o 
centre  of  ofcillation  of  the  other.     The  Boxes  hanging  ^aj**^ 
by  equal  threads  of  ii  feet,  made  a  ogjmjcof  pendu*Vo.UA 
lums  perfedly  equal  in  weight  and  fi^urej'^and  equally 
receiving  the  rcnftance  of  the  air.     And  placing  the  i^X^^^^^ 
one  by  the  other,  I  obferved  them  to  play  togetherii^'tu*Aouv 
^forwards  and  badiwards,  for  a  long  time,  with  equal 
vibrations.     Ana  tlicrefore  the  quantity  of  matter  iti 
the  gold  (by  cor.  i.  and  5.  prop.  24.  book  2.)  was  to 
the  quantity  of  matter  in  the  wood,    as  the  adion  of 
the  motive  force  (or  vis  inotrix)  upon  all  the  gold,  to 
the  adion  of  the  fame  upon  all  the  wood ;  that  is,  as 
the  weight  of  the  one  to  the  weight  of  the  other.  And         .     fj 
the  like  happened  in  the  other  bodies.     By  thefe  expc-  bM^^^^^^ 
riments,  in  bodies  of  the  fame  weight,  I  could  mani* 
feftly  have  difcovered  a  difference  of  matter  lefs  thaa 
the  tbgufandth  part  of  the  whole,  had  any  fuch  been,    .v 
ButjSvitSoiit' all  doubt,  the  nature  of  gravity  towards  ^*^^^ 
the  Planets,  is  the  fame  as  towards  the  Earth*    For> 
ihould  we  imagine  our  terreftrial  bodies  removed  to  the 
orb  of  the  Moon,  and  there,  together  with  the  Moon^ 
deprived  of  all  motion,  to  be  let  go,  fo  as  to  fall  to* 
gether  towards  the  Earth :  it  is  certain,  from  what  we 
have  demonftrated  before,  that,  in  equal  time^,  they 
would  defcribe  equal  fpaces  with  the  Moon,  and  of 
confequence  are  to  the  Moon,  in  quantity  of  matter, 
as  their  weights  to  its  weight.     Moreover,  fince  the  l;?v  c"1  <'*/»* 
fatellites  of  Jupiter  perform  their  revolutions  in  times  xf*^/^^^** 
which  obferve  the  fefquiplicate  proportion   of  their 
diftances  from  Jupiter's  centre,  their  accelerative  gra- 
vities towardsjupiter  will  be  reciprocally  as  the  fquares 
of  their  diftances  from  Jupiter's  centre  j  that  is,  equal, 
at  equal  diftances.     And  therefore,  thefe  fatellites,  if 
fuppofed  to  fall  towards  Jupifer  from  equal  heights, 
would   defcribe  equal  fpaces   in  equal  times,  in  like 
manaq;  as  heavy  bodies  do  on  our  Earth.    And  by  the 
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fame  argument,  if  the  circumfolar  Planets  were  fuppo* 
fed  to  be  let  fall  at  equal  diftances  from  the  Sun,  they 
would,  in  their  delcent  towards  the  Sun,  defcribc  equal 
fpaces  in  equal  times.     But  forces,  which  equally  ac- 
celerate unequal  bodies,  muft  be  as  thofe  bodies,-  that 
is  to  fay,  the  weights  of  the  Planets  towards  the  Sun 
muft  be  as  their  quantities  of  matter*     Further,  that 
the  weights  of  Jupiter  and  of  his  fatellite's  towards  the 
Sun  are  proportional  to  the  feveral  quantities  of  their 
matter,  appears  from  the  exceeding  regular  motions  of 
f he  fatellites,  (by  cor,  j.prop,  (Jj.booki.)  Forif  fome 
of  thofe  bodies  were  more  ftrongly   attraded  to  the 
Sun  ill  proportion  to  their  quantity  of  matter,  than 
others;  the  motions  of  the  fatellites  would  bcdifturbed 
by  that  inequality  of  attradion  (by  cor.  2.  prop.  6^. 
book  I.)  It,  at  equal  diftances  from  the  Sun,  any  fa- 
tellite  in  proportion  to  the  quantity  of  its  matter,  did 
gravitate  towards  the  Sun,  with  a  force  greater  tlian 
Jupiter  in  proportion  to  his,  according  to  any  given 
proportion,  fuppofe  o(  d  to  ei    then  tnc  diftance  be- 
tween the  centres  of  the  Sun  and  of  the  fatellite's  orbit 
Would  be  always  greater  than  the  diftance  between  the 
centres  of  the  Sun  and  of  Jupiter,  nearly  in  the  fub- 
duplicate  of  that  proportion ;  as  by  fome  computations 
I  have  found.  And  ir  the  fatelUte  did  gravitate  towards 
the '  Sun  with  a  force,  lefTcr  in  the  proportion  of  0 
to  flf,  the  diftance  of  the  centre  of  the  fatellite's  orb 
from  the  Sun,  would  be  lefs  than  the  diftance  of  the 
centre  of  Jupiter  from  the  Sun,  in  the  fubduplicate  of 
the  fame  proportion.    Therefore  if,  at  equal  diftances^ 
from  the  Sun,  the  accelerative  gravity  of  anv  fatelUte 
towards  the  Sun  were  greater  or  lefs  than  the  accele- 
rative gravity  of  Jupiter  towards  the  Sun,  but  by  one 
Yv4--  part  of  the  whole  gravity ;   the  diftance  of  the 
centre  of  the  fatellite's  orbit  from  the  Sun  would  be 
greater  or  lefs  than  the  diftance  of  Jupiter  from  the 
Sun,  by  one  ^Vr  part  of  ^^^  whole  diftanccj  that  is. 
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by  a  fifth  part  of  the  diftance  of  the  jutnaoftfatcIKtcmMJiM^'*^*^^^ 

from  the  centre  of  Jupiter;  aaexccntricityoTthe  orbit, 

which  would  be  very  fenfible.    But  the  orbits  of  the 

fatellites    are  concentric  to  Jupiter,  and  therefore  thd 

tccelerative  gravities  of  Jupiter,  and  of  all  its  fatellites 

towards  the  Suo«  are  equal  among  themfelves.    And  by 

the  fame  argument,  the  weights  of  Saturn  and  of  his 

latellites  tovrards  the  Sun,  at  equal  diftances  from  the 

Sun,  are  as  their  feveral  quantities  of  matter:   and  the 

weights  of  the  Moon  and  of  the  Earth  towards  the  Sun^ 

are  either  none,  or  accurately  proportional  to  the  maf- 

fes  of  matter  ^ich  they  contain.    But  fome  they  are 

by  cor*  i.  and  }.  prop.  5. 

But  furtjier,  the  weights  of  all  the  parts  of  every  <a^^^  *  ^ 
Planet  towards  any  other  Planet,  are  one  to  another 
as  the  matter  in  the  feveral  parts.    For  if  fome  part^ 
did  gravitate  more,  others  lefs,  than  for  the  quantity  ^^t^^*^^'^"^ 
oTtheir  matter;  then  the  whole  Planet,  according  to 
the  fort  of  parts  with  which  it  moft  abounds,  would  ^s^^-^*^"^'^ 
gravitate  more  or  lefs,  than  in  proportfon  to  the  quan^ 
tity  of  matter  in  the  whole.     Nor  is  it  of  any  mo-  /yvv 
menr,  whether  thefe  parts  are  external  or  internal.  For, 
if,  for  example,  we  (hould  imagine  the  terreftrial  bo^ 
dies  with  us  to  be  raifed  up  to  the  orb  of  the  Moon,    *^  ''f]*^  ". 
to  be  there  compared  with  its  body :     If  the  weights     -^  -  - 
of  fuch  bodies  were  to  the  weights  of  the  external  parts 
of  the  Moon,  as  the  quantities  of  matter  in  the  one 
and  in  the  other  refpeftively  j  but  to  the  weights  of 
the  internal  parts,  in  a  greater  or  lefs  proportion,  then 
likewife  the  weights  of  thole  bodies  would  be  to  the 
weight  of  the  whole  Moon,  in  a  greater  or  lefs  pro** 
portion ;  fgjoft^what  we  have  ihewed  above.    -  ^^^"  -"^  ■ ' 

CoR,'^^tT*H^'?e  the  weigh ts^oTbodies  do  not  de- 
pend upon  their  forms  and  textures.  For  if  the  weights 
could  be  altered  with  the  forms,  they  would  be  greater 
or  lefs,  according  to  the  variety  of  forms,  in  equal 
^ttcrj  akogcihcr  againft  experience* 

YM  tJCv^jvUJh    iCTMi^t^o-^'^  CoXji 
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Cor.  1.  Ujiiverftlly,  all  bodies  about  the  Earth 
gravitate  towards,  the  Earth ;  and  the  weights  of  all,  ac 
equal  diftances  from  the  Earth's  centre,  are  as  the  quan- 
tities of  matter  which  they  feverally  contain.    This  is 
I  the  quality  of  all  bodies,  within  the  reach  of  our  ex- 

oX^ukAA^CA.  p^riincnts;.and  therefore,  (by  rule  x.)  to  be  affir- 
med of  all  bodies  whatfoeven  If  the  dthevj  or  any  other 
body,  were  either  altogether  void  of  gravity,  or  were 
to  gravitate  Icis  in  proportion  to  its  quantity  of 
matter ;  then,  becaufe  (according  to  Ariftotk^  Des  Car-» 
us$  and  others)  there  is  no  difference  Ijetwixt  that  and 

^"^^       other  bodies,  but  in  mere  form  of  matter,  by  a  fuc- 
r      ceilive  change  from  form  to  form,  it  might  be  changed 

H^"^''^"*^-'  at  laft  into  a  body  of  the  fame  conduion  with  thofe 
vhich  gravitate  moft  in  proportion  to  their  quantity 
of  matter ;  and,  on  the  other  hand,  the  beavieft  bo-^ 
dies,  acquiring  the  £rft  form  of  that  body,  might  by 
degrees,  quite  lofe  their  gravity*  And  therefore  the 
^weights  would  depend  upon  the  forms  of  bodies^  and 
with  thofe  forms  might  be  changed,  contrary  to  whac 
was  proved  in  the  precedbg  cproUary. 
(tuun  Cor.  3.  All  fpaccs  are  not  equally  ^^.  For  if  all 
Ipaces  were  equally  full,  then  the  fpecihc  gravity  of 
the  fluid  which  fills  the  r^ion  of  the  air,  on  ac^grg^^ 

'  '*^^*^     of  the  extreme  dcnfity  of  the  matter,  would  falfn^ 

thingjihort  of  the  fpecific  gravity  of  quick-filyo^  or 

'g^ld,  i6YWy  other  the  moft  denfe  body ;  ar»  tlOTore, 

neither  gold,  nor  any  other  body,  could  defcend  in 

'^^ai^'For  bodies  do  not  defcend  in  fluids,  unlejs  they 

•^  wrr^^^uv^j.^  fpecifically  heavier  than  the  fluids*  Sn^Tf  the 
quantity  of  matter  in  a  given  fpace,  can,  by  any 
rarefadion,  be  dinunifhed,  what  ihould  hinder  a  di« 
minution  to  infinity  ?  t  ^  Ot^^^M^v 

Cor.  4*  If  all  the  folid  particles  of  all  bodies  are  of 
the  fame  denfity,  nor  can  be  rarified  without  pores 
a  void  (pace  or  vacuum  muft  be  granted*    By  bodies 

^^^^Cjiii^  of 
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^f  the  fame  denfity,  I  mean  thofe,  whofe  vires  inertU 
ire  in  the  proportion  of  their  bulks.x^^^>^^^^•'^ 

Cor.  5.  The  power  of  gravSjTis  of  a  diflFercnt  na- 
ture from  the  power  of  niggnet^^  For  the  magnetic 
attra^ion  is  not  as  the/ matter  attrafted.  Some  bodies 
areattrafted  more  by  the  magnet,  others  lefs;  moft  bo- 
dies not  at  all.  The  power  of  magnctifm,  in  one  and 
the  fame  body,  may  be  increafed  and  diminifhed ;  and 
isfomctimes  tar  ftronger,  for  the  quantity  of  matter, 
than  the  power  of  gravity  ;  and  in  receding  from  the 
magnet,  decreafes  not  in  the  duplicate,  but  almoft  in 
the  triplicate  proportion  of  the  diftance,   as  nearly  as 

I  could,  judge  from  fome  rude  obfervations*     ^^^ 

Proposition  VIL     Theorem  VII. 

That  there  is  a  power  of  gravity  tending  to  all 
bodies y  proportional  to  the  fever al  quantities 
of  matter  which  they  contain. 

That  all  the  Planets  mutually  gravitate  6ne  towards 
another,  we  have  prov'd  before  i  as  well  as  that  the 
force  of  gravity  towards  every  one  of  them,  confider'd 
apart,  is  reciprocally  as  the  fquare  of  the  diftance  of 
places  from  the  centre  of  the  planet.  And  thence  (by 
prop.  6^.  book,  i.and  its  corollaries)  it  follows,  that  the 
gravity  tending  towards  all  the  Planets,  is  proportional 
to  the  matter  which  they  contain.  - 

Moreover,  fince  all  the  parts  of  any  planet  A  gravi-  ^^-^ 
tate  towards  any  other  planet  B;  and  the  gravity  of 
every  part  is  to  the  gravity  of  the  whole,  as  the  matter  co^cta  ^v 
oTuie  part  to  thematter  of  the  wholes  and  ('bylaw  5.^ 
to  every  adion  correfponds  an  equal  re-adion  :  there- 
fore the  planet  B  will,  on  the  other  hand,  gravitate  to- 
wards all  the  parts  of  the  planet  A\  and  its  gravity  to- 
wards any  one  part  will  be  to  the  grayity  towards  the 
Vol.  IL  Q,  whole. 
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vhole9  as  the  matter  of  the  part  to  the  matter  o£  the 
whole.     Q.E.D. 

Cor.  I.  Therefore  the  force  of  gravity  towards  any 
i^&K.      whole  planet,  arifes  from,  and  is  compounded  of,    the 
^        forces  of  gravity  towards  all  its  parts.     Magnetic    and 
\  eledric  attraftions  afford  us  examples  of  this.     Far  all 

j\  t>^M.     attraftion  towards  the  wHoTe  arifes  from  the  attraftions 
towards  the  feveral  parts.     The  thing  may  be  eafily  iin^ 
,  J     jerftood  in  gravity,  if  we  confider  a  greater  planer,^  as 
^Ai^4U^  Torm^of  a  number  of  Icfler  planets,  meeting  togeriicr 
in  one  globe.      For  hence   it  would  appear  that    zlic 
force  of  the   whole  muft  arife  from  the  forces  of  the 
component  parts.     If  it  is  objefted,  that,  according  to 
this  law,  all  bodies  with  us  muft  mutually  gravitate  one 
towards  another,  whereas  no  fuch  gravitation  any  where 
appears :    I  anfwer,  tKat  fince  the  gravitation  towards 
thefe  bodies  Is  to  the  gravitation  towards  the  whole 
Earth,  as  thefe  bodies  arc  to  the  whole  Earth,  thegravi- 
tatioa  towards  them  muft  boffarlefsjthan  to  fall  under 
the  obferVation  of  our  fenfes.  ^^"^^  ^•*^**^        ^"^ 

Cor.  2.  The  force  of  gravity  towards  the  feveral 
eaual  particles  of  any  body,  is  reciprocally  as  the  (quare 
ot  the  diftance  of  places  from  the  particles ;  as  appears 
from  cor.  5.  prop.  74.  book  i. 

Proposition,  yill.     Theorem  VUL 

In  two  fpheres  mutualty  gravitating  each  to^ 
wards  the  other ^  if  the  matter  in.  places  an 
all  fides  round  about  and  equidijlant  from  the 
^  ^  .  centres^  is  Jimilar  y  the  weight  of  either 
]  'i*  ^  ff^^^^  towards  the  other  j  will  be  reciprocally 
us  the  fquare  of  the  diftance  between  their 
centres. 

After  I  had  found  that  the  force  of  gravity  towards 
a  whole  planet  did  arife  from^  and  was  compounded  of 

V,h.^        ""    '  ■       the 
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the  forces  of  gravity  towards  all  its  parts;  and  cowards 
e  ver^r  one  partt  was  io  the  reciprocal  proportion  of  the 
iquajres  of  the  diftaoces  from  the  part :  I  was  yet  in  ^ua^^ 
cioubty  wj^her  that  reciprocal  duplicate  proportion  did 
accuratel)rhold,  or  but  nearly  foj  in  the  total  force  com-  vJ^-^*'^ 
pouoded  oTlb  many  partial  on^.      For  it  might  be 
that  the  proportion  which  accurately  enough  took  place  ^ia^;*^^^ 
in  greater  diftances,  Aiould  beside  of  thej^]gtjjncar  the  t^'^^^  -^'^^ 
iurface  of  the  planet,  where  thewftances  oT  uiicpafticles  ^^\^i<. 
are  unequal  and  theirutuation  diflimihr.     But  by  the 
help  of  prop.  75.  and  7<f.  book  i.  and  their  corollaries^  i^mm.iIL«s. 
I  was  at  laft  fatisfy 'd  of  the  truth  of  the  propofition,  as 
it  now  lies  before  us. 

Co ^*i^  Hence  we  m^y  find  and  compare  together 
the  weights  of  bodies  towards  different  planets*  For  the 
weights  of  bodies  revolving  in  circles  about  planets* 
are  (by  cor.  i.  prop. 4.  book  i.)  as  the  diameters  of 
the  circles  diredly,  and  the  fquares  of  their  periodic 
times  reciprocally  ;  and  their  weights  at  the  furfaces  of 
the  pknets,  or  ac  any  other  diftances  from  their  centres, 
are  (by  this  prop.)   greater  or  lefs,  in  the  reciprocal  du- 
plicate proportion  of  the  diftances.    Thus  from  the  pe«  a,  v, 
riodic  tunes  of  Venus,  revolving  about  the  Sun,  in  2  24«'« 
16^^^  of  the  utmo|t  circumjovial  fatellite  revolving  >\mm  uyat^ 
about  Jupiter,  m  i(?^.  i^*,** ;  of  the  Hugenian  fa* 
tellitc  about  Saturn  in  15^.  22^^;  and  of  the  Moon 
about  the  Earth  in  27^.  y^.  43 'j  compared  with  the 
mean  diftance  of  Venus  from  the  Sun,  and  with  the 
greateft  heliocentric  elongations  of  the  outmoft  circuni- 
jovial  fatellite  from  Jupiter's  centre,  8',  16".  of  the  Hu- 
genian fatellite  from  the  centre  of  Saturn,  5'.  4",  and 
of  the  Moon  from  the  Earth,  10'.  5  j'*;  by  computa- 
tion I  found,  that  the  weight  of  equal  bodies,  at  equal 
diftances  from  the  centres  of  the  Sun,  of  Jupiter,  of 
Saturn,  and  of  the  Earth,  towards  the  Sun,  Jupiter, 
Saturn,  and  the  Earth,    were  one  to  another,    as  i, 
.J_,  -L.    and   -^  refpefiively.    Th^  becaufe  as 
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the  diftances  are  increafcd  or  dimini(hed,  the  weights 
are  .diminiflied  or  increafed  in  a  dupliate  ratio;  the 
weights  of  equal  bodies  towards  the  Sun,  Jupiter,  Sa- 
turn, and  the  Earth,  at  the  diftances  loooo,  99 jy 
75^1  and  105^  from  their  centres,  that  is,  at  their  very 
fupcrficies,  will  be  as  10000,  5^42,  519  and  435  re- 
fpeftively.  Jiow  much  the  weights  of  bodies  are  at 
tlie  fuperficiesoTthe  M^^    ^"Ij^ZSj^ffiU^ir^^^ 

f^-^M^V^  Cor.  1.  Hence  ljtoyj;u^^  difcover  the  quantity  of 
matter  in  the  feveral  Planets.  For  their  quantities  of  mat- 
ter are  as  the  forces  of  gravity  at  equal  diftances  from 
their  centres,  that  is,  in  the  Sun,  Jupiter,  Saturn,  and 
the  Earth,  asi,-i— ,  --i—,  and — I —  refpecSively. 
If  the  parallax  of  the  Sun  be  taken  greater  or  lefs  than 
10",  50'",  the  quantity  of  matter  in  the  Earth  muft  be 
augmented  or  diminiftied  in  the  triplicate  of  that  pro- 
portion. 

Cor.  ;.  Hence  alfo  we  find  the  denfitics  of  the  Pla- 
nets. For  ('by  prop.  72.  book  i.)  the  weights  of  equal 
and  fimilar  bodies  towards  fimilar  fpheres,  are,  at  the 
furfaces  of  thofe  fpheres,  as  the  diameters  of  the  fpheres. 
And  therefore  the  denfities  of  diffimilar  fpheres  are  as 
thofe  weights  applied  to  the  diameters  of  the  fpheres. 
But  the  true  diameters  of  the  Sun,  Jupiter,  Saturn,  and 
the  Earth,  were  one  to  another  as  loooo,  ppy,  791 
and  109 ;  and  the  weights  towards  the  fame,  as  loooo, 
945,  52p,  and  455  refpedively ;  and  therefore  their 
denfities  are  as  100,  94^,  6j  and  400.  The  denfity 
of  the  Earth,  which  comes  out  by  this  computation, 
does  not  depend  upon  the  parallax  of  the  Sun,  but  is 
determined  by  the  parallax  of  the  Moon,  and  therefore 
is  here  truly  defin'd.  The  Sun  therefore  is  a  little^den- 
fer  than  Jupiter,  and  Jupiter  than  Saturn  ,^'^'nd'*thc 
Earth  four  times  denfer  than  the  Sun ;  for  the  Sun,  by 

.  V  '  ^^^  S^^^^  \it2LU  is  kept  in  a  fort  of  a  rarefy"d  ftatc.  The 
Moon  is  denfer  than  the  Earth,  as  ftiaU  appear  aftcr^ 
wards,  t  i^-  ,,r^^         '"'       "  '      '  "  ' 

""^  COR. 
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Cor.  4.  The  (mailer  the  Planets  are,  they  aret  uterii 
f^tribusy  of  fo  much  the  greater  denfity.   For  fo  the 
po>3ecrs  of  gravity  on  their  Icveral  furfaces,  come  nearer 
to  equality.    They  are  likewife,  r<e/mV^4ri*w,  of  th« 
greater  denCtyt  as  they  are  nearer  to  the  Sun.    So  Ju- 
piter is  more  denfe  than  Satumi  and  the  Earth  than  Ju« 
plcen     For  the  Planets  were  to  be  placed  at  different  dif- 
tances  from  the  Sun>  that  according  to  their  degrees  of 
denfity,  they  might  enjoy  a  greater  or  lefs  proportion  of  j[  ^. 
the  Sun*s  heat.     Our  water,  if  it  were  removed  as  far  ^.,1*4'  t^4. 
as  the  orb  of  Saturn,  would  be  converted  into  ice,  an^  Vxvci  - 
in  the  orb  of  Mercury  would  quickly  ft|L^;5y  ^^  v^-  -^^I^^^-^k 
pour.    For  the  light  of  the  Sun,  to  wmcnfts  heat  is 
proportional,  is  Jfeven  times  denfer  in  the  orb  of  the 
Mercury  than  wunus :  and  by  the  thermometer  I  have 
found,  that  a  fevenfoldheatof  oiu*  (jgmmer-fun  will  make 
water  boil.  Nor  are  we  to  doubt,  that  "the  matter  of  Mer- 
cury is  adapted  to  its  heat,  and  is  therefore  more  denfe 
than  the  matter  of  our  Earth ;  fince,  in  adenfer  matter, 
the  operations  of  nature  require  a  ftrongcr  heat, 

Proposition  IX.     Theorem  IX. 
That  the  force  of  gravity  y  confide fd  down-j 
wffds  from  the  fur  face  of  the  flanetSy  de-^ 
creafes   nearly  in  the  proportion  of  the  dij^^  c.^;^ 
tfinces  from  their  centres. 

If  the  matter  of  the  planet  were  of  an  uniform  den? 
fity.  this  propofition  would  be  accurately  true,  (by 
prop.  75.  book  I.)  The  error  therefore  can  be  nogreateij 
{b^n  what  niay  arife  from  the  inec^uality  of  thf  denfity* 
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Proposition  X.     Theorem  X. 
That  the  motions  of  the  Tlanets  in  the  he/t^ms 
may  fubfifi  an  exceeding  long  time^"" 

In;he  fchclium  of  prop.  40.  book  z.  I  havefhew*d 

r^^jjLpl^  that  i  globe  of  water,  frozen  into  ice,  and  moving  free- 

^r^^^  ly  in  Qur  air,  in  the  time  that  it  would  defcribe  the 

length  of  itsfemidiameter,  would  lofe  by  the  refiftancc 

^xxA<^    of  the  air  -L^  part  of  its  motion.     And  the  fame 

_  ...wa^proportion  t^lds  nearly  in  all  S'^ «'fef;^ 

and  mov'd  with  wKaCejver  velocity.   But  ttatoutglobe 

^^^^H*"  of  earth  is  of  greater' denfity  than  it  would  be  if  the 

whole  confided  of  water  only,  I  thus  make  out.    If 

the  whole  confifted  of  water  only,  whatever  was  of 

lefs  denfity  than  water,  becaufc  of  its  lefs  fcecific  gra- 

/i  +<u    ^^^y^  wou'd  emerge  and  float  above.     Ancf  upon  this 

yp*^        iiccount,  if  a  globe  of  terreRrial-tnatter,  cover'd  on  all 

'^'  ^"^"^    UdeTwith  water,  was  lefs  denfe  than  water,  it  would 

,  4?mergc  fomewhere;   and  the  fubfiding  water  falling 

.A^^v.v.j.^-^^j^b^^^--^^  to  efiTo^^^^^     fide.     And 

^lucK  is  the  conditionoT  our  Earth,  which  in  a  great 

meafure  is  covered  withj(e«^    The  Earth,  if  it  was  not 

for  its  greater  denfity,  would  emerge  from  the  feas,  and, 

0^    ^       according  to  its  degree  of  levity,  would  be  raifed  more 

^'•^^"^^^^^^   or  lefs  above  their  furface,  the  water  of  the  feasjSoadeS 

vvy/  vv^^    backwards  to  the  oppofite  fide.     By  the  fame  argument, 

,,,/vv  ^-^^^tHefpots^of  the  Sun,  which  float  upon  the ,hip([  raac- 

thcT^Iahets  havebeenTorm'd,  while  thev  were  y^w 
fluid  maffes,  all  the  heavier  matter iuhfi^jo  thccen- 
tre.  Since  therefore  the  common  matter  of  our  Earth 
on  the  furface  thereof,  is  about  twice  as  heavy  as  wa- 
ter, and  a  little  lower,  in  mines,  is  found  about  three 
or  four,  or  even  five  times  more  heavy ;  it  is  probable* 
tbi\t  the  quantity  of  the  whole  matter  of  the  Earth  may 


u..^.. 
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be   five  or  fix  times  greater  than  if  it  confided  all  of 

iRraccr;  efpecially  fince  I  havebefoij  flhew      that  the 

Earth  is  about  four  times  more«metnan  Jupiter.     If 

therefore  Jupiter  is  a  little  more  denfe  than  water,  in 

rlie  fpacc  of  thirty  days,  in  which  that  j>lanet  defcribes^F/<^^W 

the  length  of  455  ot  its  femidiameters,  it  would,  in  a 

medium  of  the  fame  denfity  with  our  air,  lofe  almoft 

a  ynth  part  of  its  motion.     But  fince  the  refiftance  of  jlm^v>va^ 

inediums  decreafes  in  proportion  to  their  weight  or  den- 

iity,  fo  that  water,  which  is  ijf  times  lighter  than 

quickfilver,  refills  lefs  in  that  proportion ;   and  air» 

which  is  860  times  lighter  than  water,  refifts  lefs  in     ^ 

the  fame  proportion :  Therefore  in  the  heavfips,  where,  txilo 

the  weight  of  the  medium,  in  which  the  Planets  movct 

is  imn^nfely  diminiihed,  the  refiftance  will  almoft  ▼J^^,^^,,^^z>vyc 

It  is  (hewn in  thefcholiumof  prop.22.  book  i.  that 
at  the  height  of  200  miles  above  tne  Earth,  the  air  is 
more  rare  than  it  is  at  the  fuperficies  of  the  £arch» 
in  the  ratio  of  }0  to  0,0000000000003998,  or  as 
75000000000000  to  I  nearly.    And  hence  the  planet 
Jupiter,  revolving  in  a  medium  ofthe  fame  denfity  with 
that  fuperior  air,  would  not  lofe  by  the  refiftance  of  the 
medium  the  looooooth  part  of  its  motion  in  1 000000 
^^   yOUS.     In  the  fpaces  near  the  Eart  h,  the  refiftance  is  pro- 
dmced  only  by  the  air,  exhalations  and  vapours.    When 
thefe  are  carefully  exhaufted  by  the  air  pump  from  ViXi^<^'y^^JZM^ 
der  the  receiver,  heavy  bodies  fall  within  the  receiver  -^k.u^.<,,.A 
with  perfcft  freedom,  and  without  the  kaJft  fenfiblere«»yO^^'^'^*^ 
fiftance ;  goldjit^li  and  the  Ugfit^ft-  down^let  fall  to* ^  >.v^  \  C /,^ . 
gether,  will  defcenJ*  with  eguaiveloci^yTahd  though^;  w  5.. t,*^^ 
they  fall  through  a  fpace  ot  four,  Ji?c,  andjekht  fe^t 
they  will  come  to  the  bottom  at  the  "lame  time  ;  as  ap-  ,/^v^<^ .-. 
pears  from  experiments.     Xnd  therefore  the  celeftial  re- 
gions being  perfeftly  void  of  air  and  exhalations,  the 
Planets  and  Comets  meeting  no  fenfible  refiftance  in  thofc 
■~     ^  4  fpaccsj 
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fpaccs,  will  continue  their  motions  through  them  for 
an  immenfc  trad  of  time. 

Hypothesis  I. 

That  the  centre  of  the  fyjlem  af  the  world 
is  immoveable. 

,,,^^.:.C.    This  is  adknowl^  by  all,  ^^hije^fome  c^^^^^ 
that  the  Earth,    others,_ihat  the  Surris  fix  d  In  that 
h-  -  vvv^>^  centre.    Let  us  fee  what  may  from  hence  follow^ 

Proposition  XL     Theorem  XL 

That  the  common  centre  of  gravity  of  theEarth, 
the  Sun^  and  all  th^  Planets  is  immoveable. 

For  (by  cor,  4.  of  the  laws;  that  centre  either  is  at 
reft,  or  moves  uniformly  forward  in  a  right  line.  But 
if  that  centre  mov'd,  the  centre  of  the' world  would 
move  alfo,  againft  the  hypothefis, 

Proposition  XIL     Theorem  XU. 

That  the  Sun  is  agitated  by  a  perpetual  motion^ 
I   '  but  never  recedes  far  from  the  common  centre 

1  '  of  gravity  of  all  the  Tlanets. 

Forfince  (by  cor.  2.  prop.  8.)  the  quantity  of  mas- 
ter in  the  Sun,  is  to  the  quantity  of  matter  in  Jupiter, 
as  io<^7  to  i:  and  the  diftance  of  Jupiter  from  the 
Sun,  is  to  the  femid^iameter  of  the  Sun,  in  a  proportion 
but  a  fmall  matter  greater ;  the  common  centre  of  gra- 
vity of  Jupiter  and  the  Sun,  will  fall  upon  a  point  a 


\  Jillle  without  the  furface  of  the  Sun.  By  the  fame  ar- 
gumcnf^  fince  the  quantity  of  matter  in  the  Sun  is  to 
|hc  i^uantity  of  matter  in  Saturn,  as  5021  to  1 1  and 

jl^5 
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ehe  diftance  of  Sacum  from  the  Sun  is  to  the  femidi- 

onieterof  theSun  in  a  proportion  but  a  fmall  matter  Icfs;  '^v>/«tM%x^lv 

tihc  common  centre  of  gravity  ot^turn  and  the  Sua 

^wiU  fall  upon  a  |K>int  a  little  within  the  furface  of  the 

Sun.     And  purfuing  the  principles  of  this  computations 

"we  fhould  find  that  tho*  the  Earth  and  all  the  Planets  oj^^^^^^ 

vrere  plac'd  on  one  fide  of  the  Sun*  the  diftance  of  the 

common  centre  of  gravity  of  all  from  the  centre  of  the 

Sun  would  Icarccly  an^ounttoone  diameter  of  the  Sun.  ^4./*^^^^ 

In  other  cafes,  the  diftanlSiSsof  thofe  centres  is  always 

lefst     And  therefore,  fince  ths^t  centre  of  gravity  is  in 

perpetual  reft,  the  Sun*  according  to  the  various  po(i-c 

tions  of  the  Planets,  muft  perpetually  be  moved  ejtryc^^^ 

"Way,  but  will^never  recede' far  from  that  centre,      v  C  w  -  -t' v  m  < '  w^ 


GoR.  Hence  tnecommon  centre  of  gravity  of  the 
Earth,  the  Sun,  and  all  the  Planets  is  to  be  cfteem'4  ^i^^^^"-- 
the  Centre  of  the  World.    For  fincethe  Earth,  the  Sun 
and  all  the  Planets,  mutually  gravitate  one  towards  ano- 
ther, and  are  therefore,  according  to  their  powers  of 
gravity,  in  perpetual  agitation,  as  the  laws  of  motion 
require ;  it  is  plain  that  their  moveable  centres  cannot 
be  taken  for  the  immoveable  centre  of  the  world.     If 
th^t  body  were  to  be  plac'd  in  the  centre,  towards 
which  otner  bodies  gravitate  moft,  ("according  to  com- 
mon opinion)  that  privilege  ought  to  be  aUowMtothe  ^jt^^^-^^ 
Sun.     But  fince  the  Sun  it  felf  is  mov'dfli'Mt  point 
is  to  be  chofen,  from  which  the  centre  of  the  Sun  re-  ^m' i  - 1^^^ 
cedes^lea^[[jTnd  from  which  it  would  recede  yet  left,  -  ^v:  ct , 
if  the  iJodyof  the  Sun  were   denfer  and  greater,  and  ^'''^ 
{hcrefore  If  fs  apt  to  be  moy^^* 


Pro- 
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Proposition  XIII.     Theorem  XIII. 

J  he  TIanets  wove  in  ellipfes  which  have  their 
common  focus  in  the  centre  of  the  Sun  5 
andy  by  radij  drawn  to  that  centre^  they  lie- 
fer ibe  areas  proportional  to  the  times  of  de^ 
Jcription. 

We  have  difcours'd  above  of  thefe  motions  from  the 
phenomena.  Now  thac  we  know  the  principles  oa 
which  they  depend,  from  thofe  principles  we  deduce 

^  ^^  the  motions  of  the  heavens  4 priori.  Becaufe  the  weights 
of  the  Planets  towards  the  Sun,  are  reciprocally  as  the 
fquares  of  their  diftances  from  the  Sun*s  centre;  if  the 
Sun  was  at  reft,  and  the  other  Planets  did  not  mutually 
ad  one  upon  another,  their  orbits  would  be  ellipfes*  hav-* 
ing  the  Sun  in  their  cofomoo  focus ;  and  they  would 
defcribe  areas  proportional  to  the  times  of  aefcriptio9$ 
by  prop.  I  &  II.  and  cor.  i.prop.  i;.  book  i.  But  the 
mutual  adions  of  the  P^necs  one  upon  another,  are  fb 
very  fmall,  that  they  may  be  n^lefted.  And  by  prop. 
66.  book  I.  they  lefs  difturb  the  motions  of  the  Pla- 
nets around  the  Sun  in  motion*   than  if  thofe  motions 

^^vWrtt't  were  gerform^d  about  the  Sun  at  reft. 

It  IS  true,  that  the  adion  of  Jupiter  upon  Saturn 
is  not  to  be  neglcded.  For  the  force  of  gravity  towards 
Jupiter  is  to  the  force  of  gravity,  towards  the  Sun  as  i 
to  106 J I  and  therefore  in  the  conjundion  of  Jupiter 
and  Saturn,  becaufe  the  diftance  of  Saturn  from  Jupi- 
ter is  to  the  diftance  of  Saturn  from  the  Sun,  almoft 
as  4  to  p ;  the  gravity  of  Saturn  towards  Jupiter,  will 
be  to  the  gravity  of  Saturn  towards  the  Sun,  as  81  to 
i6x  io6ji  or,as  i  to  about  iii.   And  hence arifes  a 

^^  j^       j>erturbation  of  the  orb  of  Sahirn  in  every  conjun5ion 
of  this  Planet  with  Jupiter,    fo  fenCble  that  aflrono- 
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mers  arc  puzled  with  ir.     As  the  Planet  is  differently  6<ywfwMA^ 
fituated  in  thefe  conjundicxns,  its  excentricity  is  fome- 
times  augmented,  fometimes  diminiih'd  ;  its  aphelion  is 
fomctimes  carry'd  forwards,  foineiiniesJ>adwards,  and  "fraNv^hnlfi^ 
its  mean  motion   is   by    turns    acceleMitea*and  r^ard- 
cd.    Yet  the  whole  error  in  its  motion  about  the  Sun,/^vw  uvv4«cv<s 
tho'arifing from  fo  great  a  force,  may  be  almoft ^v.oided  o^^t^,^  ' 
(except  in  the  mean  motion)  by  placing  the  lower  ^-^o^  ^tr 
cus  of  its  orbit  in  the  common  centre  of  gravity  of  Ju- 
piter and  the  Sun,  (according  to  propl  6j.  book  i.) 
and  therefore  that  error  wlien  it  is  greateft,  fcarcely  cx«  m  c<>^\<unvc 
ceeds  two  minutes*      And  the  greateft  error  in   the 
mean  motion,  fcarcdy  exceeds  two  minutes  yearly.  But  e^^wv<JU^i^ 
in  the  conjundion  of  Jupiter  and  Saturn,  the  accelera- 
tive  forces  of  gravity  of  the  Sun  towards  Saturn^  of 
Jupiter  cowards  Saturn,  and  of  Jupiter  toward  theSun* 

I     n.        ^   o       ,16x81x5011         ^^  J 

are  almoft  as  i  d>  8 1  and , — -  or  1 5  6609  5and 

tt»^l  25 

therefore  the  diflFerence  of  the  forces  of  gravity  of  the 
Sun  towards  Saturn,  and  of  Jupiter  towards  Saturn,  is 
to  the  force  of  gravity  of  Jupiter  towards  the  Sun,  as 
6 J  to  if(^(Jop,  or  as  i  to  240^,  But  the  greateft 
power  of  Saturn  to  difturb  the  motion  of  Jupiter  is 
proportional  to  this  difference;  and  therefore  the  pertur- 
bation of  the  orbit  of  Jupiter  is  much  lefs  than  that  of 
Saturn*s.  The  perturbations  of  the  other  orbits  are  yet  oww 
ftr  lefs,  except  that  the  orbit  of  the  Earth  is  fenfibly 
"^urb'd  by  the  Moon,  The  common  centre  of  gra* 
vity  of  the  Earth  and  Moon  moves  in  an  ellipfe  about 
the  Sun  in  the  focus  thereof,  and  by  a  radius  drawn  dtc  xiU 
to  the  Sun,  defcribes  areas  proportional  to  the  times 
of  defcription.  But  the  Earth  in  the  mean  time  by  a 
menftruai  motion  is  revolv'd  about  this  common  cen- 


tre, . 
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Proposition  XIV.  Theorem  XIV- 

Tbe  aphelions  and  nodes  of  the  orbits  of  the 'Plai 
nets  arefixf. 


kV  /  ^  \ 


The  aphelions  are  immoveable^  by  prop.  ii.  book  r7 
and  fo  are  the  planes  of  the  orbits  by  prop.  i.  of  the 
fame  book.  And  if  the  planes  are  fixt>  the  nodes  muSk 
l^^^  be  fo  too.  It  istrue»  that  fome  inequalities  may  a-- 
rife  from  the  mutual  adions  of  the  Planets  and  Comets 
in  their  revolittions.  But  thefe  will  be  fo  fmall  thar 
cbey  may  be  here  (pafs'd  by.1  -  ^f^**^^ i^»^ 

Cor.   I.   The  fixt  Surs  are]  immoveaUe,    feeing 
,x\<        ^^y  keep  the  fame  pofition  to  the  aphelions  and  nodes 
of  the  Planets. 

Cor.  2.  And  fince  thefe  Stars  are  liable  to  ho  Icn- 
fible  parallax  from  the  annual  motion  of  the  Earthy 
they  can  have  no  force,  becaufe  of  their  immenfe  diC^^ 
tance,  to  produce  any  fenfible  cfiFeft  in  our  fyftemt 
Not  to  mention*  that  the  fixt  Stan,  every  where  pror 
mifcuoufly  difpers'd  in  the  heavens,  by  their  contra? 
ry  atrradionsdeftroy  their  mutual aftions,  by  prop.  70^ 
book  I. 

Scholium^ 

Since  the  Planets  near  the  Sun  (viz,.  Mercury,  Vc?  . 
nus,  the  Earth  and  Mars)  are  fo  fmall  that  they  can 
a£t  but  with  little  force  upon  each  other ;  therefore 
their  aphelions  and  nodes  muft  be  fixt,  excepting  inlig 
facias  they  are  difturb'd  by  the  aftions  of  Jupiter  and 
Saturn,  and  other  higher  bodies.  And  hence  we  may 
find,  by  the  theory  of  gravity,  that  their  aphelions 
mov^  a  little  in  confequemia^  in  refped  of  the  fixed 
Stirs,  and  chat  in  the  iefquipUcate  proportim  of  their 

feveral 
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feveral  diftances  from  the  Sun*  So  that  if  the  aphelion  , 
of  Mars9  in  the  fpacc  of  an  hundred,  years,  is  carried  ^^^^ 
3^^  2o'\  in  cenjiauefttiay  inrefped  of  the  fixed  Stars  ; 
the  aphelions  of  tne  Earth,  of  Venus,  and  of  Mercury, 
yUliin  an  hundred  years  be  carried  forwards  17'.  40"* 
10'.  53".  and  4'.  J  6".  refpeftively.  Butthefe  motions 
are  fo  inconfiderable,  that  we  have  negleded  them  iq 
this  propofition. 

Proposition  XV*     Theorem  L 

To  find  the  frincipal  diameters  of  the  orbits  of 
the  Planets, 

They  are  to  be  taken  in  the  fubfefquiplicate  proporti- 
on  of  the  periodic  times  by  prop.  15.  bock  i.  and  then 
to  be  feverally  augmented  in  the  proportion  of  the  fum 
of  the  maiTes  of  matter  in  the  Sun  and  each  Planet  to  the 
jSrft  of  two  mean  proportionals  betwixt  that  fum  and  ^r^jj^ 
the  quantity  of  matter  in  the  Sun,  by  prop.  60. 
book  !• 

Proposition  XVI.     Problem  IL 

To  find  the  eccentricities  and  aphelions  of  the 
Planets. 

Tlds  problem  is  refolved  by  prop.  i8.  book  i« 
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Proposition  XVIL     Theorem  XY. 

That  the  diurnal  motions  of  the  Tianets  are 
uniform^  and  thai  the  libratton  4f  the  Mom 
artfes  from  its  diurnal  motion. 

The  propofition  is  prov'd  from  the  firft  law  of  mo- 
tion, and  cor*  2z.  prop.  66.  book  i.  Jupiter,  with 
refpeft  to  the  fixed  Stars,  revolves  in  p^,  ^6\  Mars  in 
24''.  ?p'.  Venus  in  about  i^K  the  Earth  in  23 ^ 
56'.  the  Sun  in  25  f  days,  and  the  Moon  in  27  days 
7  hours  45'.  Thefe  things  appear  by  the  phaenomena. 

^n<^vvJl\<»,^  J"licJ£o«  in  the  Sun's  body  return  to  the  fame  fima- 
tion  on  the  Sun's  disk,  with  refpeft  to  the  Earth  in  27 
J  days;  and  therefore  with  refped  to  the  fixed  Stars 
the  Sun  revolves  in  about  i^  \  days.  But  becaufe 
the  lunar  day,  arifing  from  its  uniform  revolution  a- 
bout  its  axev  is  menflrual,  that  isj  cqtMl  to  the  time 
of  its  feriodic  revolution  in  its  orby  therefore  the  fame 
(a-w        *^cc  or  the  Moon  will  be  always  nearly  turned  to  the 

'^av  3^- V.  .^.^RES^  focus  of  its  orb;    but,  as  the  utuation  of  that 

'  \iU  focus  requires,  will  deviate  a  little,  to  one  fide  and  to 

.        the  other,  from  the  Earth  in  the  lower  focus;  and  this 

\wKv  U\o      jj  thelibration  in  longitude.     For  tlie  libration  in  lati- 
tude arifes  from  the  Moon's  latitude,  and  the  inclinati- 
on of  its  axis  to  the  plane  of  the  ecliptic.   This  theory 
of  the  libration  of  the  Moon,  Mr.  N.  MercMor  in  his  ^^ 
aftronomy,   publiftied  at  the  beginning  of  the  Year 

c^\v).UVvvAsCtt  i^7(f,  explained  more  Jully  out  of  the  ^letters  I  fent^ 

a  vV        ^iyP*     '''^V^^^ii^^^^^^'*^^  of  Saturn  fecmf'to  revolve 

about  its  axis^  witF^a  motion  like  thiS^^^Tthe  Moon, 

rcfpefting  Saturn  continually  with  the  fame  face.    For 

^  ,  ...^  *v  t  Ji  in  its  revolution  round  Saturn,  as  often  as  it  comes  to 

,  /^.  ^.  \     the  eaftcrn  part  of  its  orbit,  it  is^^rccjy  vifible,  and 

generally  .quite  difappean ;  which  islu^eto  be  occafioncd 
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by  fomejgots  in  that  part  of  its  body,  whfch  is  thciiwv,c^«^w»-i 

turned  towirH  the  Earth,  as  M.  C^i  has  obfervcrfw 

So  alio  the  utmoft  fatellitc  of  J^piterftcngsto  revolve t>/^*^ ^/*^' 

about  its  axis  with  a  like  motion,  became^  that  part 

of  its  body  which  is  trnjip    from  Jupiter,  it  has  a  (pot,  v^cxa^oI^c^ 

which  always  appears  as  ifit  were  in  Jupiter's  own  bo-  ywvrr*io 

dy,   whenever  the  fatellite  pafTes  between  Jupiter  and  ^,'tu^vty. 

our  eve.  V. 

Proposition  XVIII.     Theorem  XVI- 
That  the  axes  of  the  Tlanets  arelefs  than  /A^/aau^^^ 
diameters  drawn  perpendicular  to  the  axes. 

The  equal  gravitation  of  the  parts  on  all  fides  would 
give  a  fphaerical  figure  to  the  Planets,  if  inwas  not  for 
their  diurnal  revolution  in  a  circle.     By  that  circular 
motion  it  comes  to  pafs  that  the  parts  receding  from^^t^*^*-^^^ 
the  axe  en^avour  to  afcend  about  the  equator.     And  u^H'.^^* 
therefore  u  the  matter  is  in  a  fluid  ftate,  by  its  afcenc 
towards  the  equator  it  will  enlarge  the  diameters  there,  a^-^^'^  ^ 
and  by  its  defcent  towards  tHepoIes  it  will  Aiorten   -^  ^  ''  ^ 
the  axe.   So  the  diameter  of  Jupiter,  (by  the  concurring 
obfervations  of  aftronomcrs)  is  found  fliorter  betwixt  , 

pole  and  pole,  than  fromeaft  to  weft.     And  by  the  0^^^^ 
iame  argument,  if  our  Earth  was  not  higher  about  the 
equator  than  at  the  poles,  the  Seas  would  fubfide  about  ^^^^'^^  •'^*^ 
the  poles,  and  rHing  towards  the  equator,  would  lay  ^-^'^'^»^ 
all  things  there  unHer  water.  ^^»  At/V 

Proposition  XIX.     Problem  IIL 

To  find  the  proportion  of  the  axe  of  a  Vianet 
to  the  diameters  perpendicular  thereto.  ^  M^\ 

Our  countryman  Mr.  Norwood^  meafuring  a  diftance  arv^^^^t'A 
of  5057  J I  feet  oi  London  meafufc  between  London  and 

Tork^ 
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KrJ^ifi  i<f$$*  and  obferving  the  di£Ference  of  latitudes 
CO  be  2^*  iSS  determined  the  meafure  of  one  degree 
to  be  jtfyip^J^feec  of  London  meafure^  that  is  57300 
Ifgris  toiies.  M.  fic^iart  meafuring  an  arc  of  one  de- 
gree, and  ^^\  55".  of  the  meridian  between  Amieni 
and  MahoiJinCf  found  an  arc  of  one  degree  to  be  57060 
^^^^  Tarii  toifes.  M.  Cajflni  the  father  meafured  the  di- 
^JlTX^  ftance  upon  the  meridian  from  the  town  of  ColUoure  in 

^1^       leoii^/Zfoif  to  the  obfervatory  o( Paris:  And  his  fon  ad- 
1^      ded  the  diftance  from  the  obfervatory  to  th1*fcitaddof 

^^^  ^iink^kz  The  whole  diftance  was  4Ui^6"tx^^, 
and  the  difference  of  the  latitudes  of  CoUioure  and  Dun- 
kfrk^wzs  8  degrees,  and  31'.  11  |".  Hence  an  arc 
of  one  degree  appears  to  be  570(^1  Paris  toifes.  And 
from  theft  meafures  we  conclude,  that  the  circumfe- 
rence of  the  Earth  is  i2324p5oo>  and  its  femidiaroeter 
ip<fi58oo  Paris  feet,  upon  the  fuppofition  that  the 
Earth  is  of  a  fphzrical  figure. 

In  the  latitude  of  Paris  a  heavy  body  falling  in  a 

fecond  of  time,  defcribes  1 5  Paris  feet,  i  inch,  i  line 

as  above,  that  is,  2175  lines   f*     The  weight   of 

the  body  is  dimini(hed  by  the  weight  of  the  ambient 

.  air.    Let  us   fuppofe  the  weight  loft  thereby  to  be 

u  tvKdwvvAx,  ^^^i_  part  of  the  whole  weight  ,-^Kff"tlTirKeavy  bo- 
dy  falling  in  vacuo  will  defcribe  a  height  of  2174  lines 
in  one  fecond  of  time. 

V..U.  vw)  A  body  in  every  fidereal  day  of  i^"^.  ^6\  4"- 
uniformly  revolving  in  a  circle  at  the  diftance  of 
1^(^15800  feet  from  the  centre,  in  one  fecond  of  time 
defcribes  an  arc  of  1435,  4^  feet;  thevcrfcd  fine  of 
which  is  0,052365^1  feet,  or  7,54064  lines.  And 
therefore  the  force  with  which  bodies  defcend  in  the 
latitude  of  Paris  is  to  the  centrifugal  force  of  bodies 
in  the  equator  arifing  from  the  diurnal  motion  of  the 
Earth,  as  2174  to  7,54064. 

The  centrifugal  force  of  bodies  in  the  equator,  is  to 
the  centrifugal  force  with  which  bodies  recede  diredly 

from 
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rom  the  Earth  in  the  latitude  oi  Paris  48^.  50'.  10"* 
n  the  duplicate  proportion  of  the  radius  to  the  co- 
inc  of  the  latitude,  that  is,  as  7,540(^4  to  5,2(^7^ 
\dd  this  force  to  the  force  with  which  bodies  defcend 
>y  their  weight  in  the. latitude  of  Pariss  and  a  body^ 
n  the  latitude  of  Parlsy  falling  by  its  whole  undimi- 
[\\(htd  force  of  gravity,  in  the  time  of  one  fecond,  will 
defcribe  z  177, 2^7  lines,  or  15  Paris  feet,  i  inch,  and 
5,267  lines.  And  the  total  force  of  gravity  in  that 
latitude  will  be  to  the  centrifugal  force  of  bodies  iii 
the  equator  of  the  Earth,  as  2177,267  to  7>54o64, 

Ot  9l$  189    to     I. 

Wherefore  if  jiP BQ^(PL  10.  Fig.  i .) reprefent  the fi* 

fare  of  the  Barth,  now  no  longer  fphaerical,  but  generated  c^^^^ 
y  the  rotation  oTahellipfis  about  its  lefferaxe;  and  ^ 

ACQjca  a  canal  JuJl  ot  water,    reaching  from  the  <^^<^*^^^*''^' 
pole  Q^^  to  the  cenVre  C^,  andjtl^ncg^riCng  to  the  tfti^r«c*AJl>^c 
quator  ^a:    The  weight  of  the  wafer  in'tlie  kg  o£*/U<iV*va^ 
the  canal  ^Ccm,  will  be  to  the  weight  of  water  in  the 
other  leg  Q^Ccq^  as  485^  to  188^  becaufe  the  centri-      ^ , 
fugal  force,  arifing  from  the  circular  motion,  fuftains:  ^"^i'**^  * 
and(takes  otf)one  of  the  289  parts  of  the  weight  (in  ^*  •V^'^^^^ 
the  one  leg)  and  the  weight  df  liS  in  the  other  fuf- 
tains  the  reft.     But  by  computation  (from  cor.  z. 
prop.  91.  book  I.)  i  find,  that  if  the  matter  of  the 
£.anh  was  all  uniform,  and  without  tay  motion,  and 
its  axe  PO^were  to  the  diameter  AB^  as  100  to  10 1 ; 
the  force  of  gravity  in  the  place  jg,  towards  the  Earthy 
would  be  to  the  force  of  gravity  m  the  fame  place  Q 
towards  a  fpherc  defcrib'd    about  the  centre  C  wim 
the  radius  PC,  or  QC^  as  iz6to  I2f.    And  by  the 
fine  argtunent,  the  force  of  gravity  in  the  place  A 
towards  the  fphsroid,  generate!  J>y  the  rotation  of  the 
dfipfe  APB Q^^hoMt  the  axe  AS^  is  to  the  force  of 
gravity  in  the  fame  place  A^  towards  the  fphere  de- 
Taib'd  about  the  centre  C  with  the  radius  ACy  a$ 
1^1  to  ii6.    But  the  force  of  gravity  in  the  place  A^ 
Vol,  II.  -       ^  jo; 
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towards  the  Earth,  is  a  mean  proportional  betwixt  the 
forces  of  gravity  towards  that  iphaeroid  and  this  fphere» 
becaufc  the  fphere,  by  having  its  diameter  P  Q^  dimi- 
nilhedi  in  the  proportion  of  loi  to  lOo,  is  transfor- 
med into  the  figure  of  the  Earth ;  and  this  figure,  by 
having  a  third  diaineter  perpendicular  to  the  two  di- 
ameters AB  and  P  Q^  diminifh'd  in  the  fame  proporti- 
^Jji/^       on,  is  converted  into  the  faid  fphaeroid ;  and  the  force 
•        of  gravity  ih  Jly  in  eithef  ca/e,  is  diminifli'd  nearly  in 
^^^       the  fatnc  proportion.     Therefore  the  force  of  gravity 
in  A,  towards  the  fphere  defcrib'd  about  the  centre  G 
with  the  radius  AQ  is  to  the  force  of  gravity  in  A^ 
towards  the  Earth,  as  izdto.  ii^\.    And  the  force 
of  gravity  in  the  place  jg,  towards  the  fphere  defcrib'd 
about  the  centre  C  withthe  radius  QCy  is  to  the  force 
of  gravity  in  the  place  Ay  towards  the  fphere  defcrib'd 
about  the  centre  C,  with  the  radius  ACy  in  the  pro- 
portion of  the  diameters,  (by  prop.  72-.  book  i.)  that 
is,  as  100  to  10 1.    If  therefore  we  compound  thofe 
three  proportions  116  to  125,   i2(f  to  1257,  and  lOO 
to  10 1 ;   into  one:   The  force  of  gravity  in  the  place 
jO  towards  the  Earth,  will  be  to  the  force  of  gravity 
in  the  place  A  towards    the  Earth,  as  ii6  x  \z6  x 
100  to  125  X  i2j^  X  loi ;  or  as  501  to  500. 

Now  fince  (by  cor.  3.  prop.  91.  book  i.)  the 
force  of  gravity  in  either  leg  of  the  canal  ACcm,  or 
OCcqj  is  as  the  diftance  oTthe  places  from  the  centre 
of  the  Earth,  if  thofe  legs  are  conceived  to  be  divided 
by  tranfverfe,  parallel,  and  equidiftant  furfaces,  into  parts 
proportional  to  the  wholes,  the  weights  of  any  num- 
ber of  parts  in  the  one  leg  ACcay  willbetbthe  weights 
of  the  fame  number  of  parts  in  the  other  leg,  as  their 
magnitudes  and  the  accelerative  forces  of  their  gravity 
conjunftly,  that  is,  as  loi  to  100,  and  500  to  501^ 
or  as  50$  to  501.  And  therefore  if  the  centrifugal 
force  of  every  part  in  the  leg  AC  cay  arifing  from  the 
diurnal  motion^  was  to  the  Weight  of  the  fanae  part,  as 

4  to 
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^  to  505,  fo  that  from  the  weight  bf  cjvcry  part,  con- 
ceived  to  be  divided  into  505   parts,  the  centrifugal 
force  might ^ake  ofFjfour  of  thofe  parts,  the  weights lu^v^^ v. 
"woulflVemain  equal  in  each  leg,  and  therefore  the  fluid 
iw^ould   reft  in  ah   equilibrium.     But  the  centrifugal 
force  of  every  part  is  to  the  weight  of  the  fame  pare 
as    I    td  iSp;    that  is,  the  centrifugal   force  which 
ihould  be  -y-Jr  parts  of  thfe  weight,  is  only  ,4^  pare 
^^^g[eof;    And  therefore,  I  fay,  by  the  rule  of  propor- 
tioni  that  if  the  centrifugal  force  -rr^  make  the  height 
of  the  water  in  the  leg  ACcd  to  exceed  the   height 
of  the  water  in  the  leg  QCcq»  by  one  T-fr  part  of  its 
•whole  height;    the  centrifugal  force  tw  will  make 
the  excefs  of  the  height  in  the  leg  jiCc4^  only  ^4^ 
part  of  the  height  of  the  water  in    the  other  leg 
QCcqi    And  therefore  the  diameter  of  the  Earth  at 
the  equator,  is  to  its  diameter  from  pole  to  pole,  as 
zjo  to  2ipi    And  fince  the  mean  femidiameter  of  the 
Earth,  according  to  Pkart*s  menfuration,  is  ip(Ji58oo  . 

Paris  feet,  or  392}, itf  miles  (reckoning  5000  feet  c^*^^ 
to  a  mile)  the  Earth  will  be  higKer  at  the  equator, 
than  at  the  poles,  by  85472  feet,  or  17  tV  miles.  And 
its  height  at  the  equator  will  be  about  ifi6j26oo  feety 
and  at  the  poles  19575000  feet. 

If,  the  denfity  and  periodic  time  of  the  diurnal  re- 
volution remaining  the  fame,  the  Planet  was  greater  or 
lefs  than  the  Earth ;  the  proportion  of  the  centrifugal 
force  to  that  of  gravity,  and  therefore  alfo  of  the  di- 
ameter betwixt  the  poles  to  the  diameter  at  the  equa- 
tor, would  likewife  remain  the  fame*  But  if  the  di- 
urnal motion  was  accelerated  or  retarded  in  any  pro- 
portion, the  centrifugal  force  would  be  augmented  or 
dimini(hed  nearly  in  the  fame  duplicate  proportion ;  and  <^^^ 
therefore  the  difference  of  the  diameters  will  be  increa- 
fed  or  diminiflied  in  the  fame  duplicate  ratio  very 
nearly.  And  if  the  denfity  of  the  Planet  was  aug- 
mented or  diminiihed  in  any  proportioni  the  force  of 
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gravity  tending  towards  it  would  alfo  be  augmented 
or  diminiihed  in  the  fame  proportion;  and  the  diflFer- 
i     ence  of  the  diameters  contrarywife  would  be  diminifh- 
4  wMs«i/^2  .^  proportion  as  the  force  of  gravity  is  augmented, 
and  augmented  in  proportion  as  the  force  of  gravity 
is  diminifhed.     Wherefore,  fince  the  Earth,  in  refped 
of  the  fixt  Stars,  revolves  in  zj**.  56',  but  Jupiter  in 
5**.  56',  and  the  fquares  of  their  periodic  times  are  as 
2,p  to  5,  and  their  denfities  as  400  to  94  f  j  the  dif- 
ference of  the  diameters  of  Jupiter  will  be  to  its  leffer 
29    400  229 

diameteri  as~x  941  x  i  to  i,  or  as  i  to  9  f  nearly. 

Therefore  the  diameter  of  Jupiter  from  eaft  to  weft, 
is  to  its  diameter  from  pole  to  pole  nearly  as  10  f 
to  9  f.  Therefore  fince  its  greateft  diameter  is  57", 
its  leffer  diameter  lyin^  between  the  poles,  will  be  $5" 
25'".  Add  thereto  about  5"  for  the  irregular  refrac- 
tion of  light,  and  the  apparent  diameters  of  this  Pla- 
net  will  become  40"  and  56".  25'":  which  are  to 
each  other  as  1 1  f  to  lo  ^  very  nearly.  Thefe  things 
are  fo  upon  the  fuppofition,  that  the  body  of  Jupiter 
is  uniformly  denfe.  But  now  if  its  body  be  denfer 
towards  the  plane  of  the  equator  than  towards  the  poles, 
its  diameters  may  be  to  each  other  as  12  to  ii,  or  15 
to  12,  orperhagis  as  14  to  i3. 

And  Cj^STobfcrved  in  the  year  i(f9i,  that  the  diame- 
ter of  Jupiter  reaching  fromeaft  to  weft,  is  greater  by  a- 
bout  a  fifteenth  part  than  the  other  diameter.  Mr. 
Pomd  with  Eis  125  foot  telefcope,  and  an  excellent 
micrometer,  meafured  the  diameters  of  Jupiter  in  the 
year  17 19,  and  found  them  as  follows. 
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*Zbe  times. 

Greateftdiam, 

Lejferdiam, 
parts. 

I2»28 

fbe  diam,  to  each  otben 

day.  hours. 
:fan.    28     6 

parts. 
i3>4o 

12 

AS 

to           II 

li^ar.      6     7 

\^y\^ 

12,20 

•H 

to              12^ 

J^d[ar.     9     7 

13»I2 

12,08 

"i 

to            II| 

^/r.      9     9 

12,32 

11,48 

Hi 

to         ,3X 

So   that  the  theory  agrees  with  the  phsnomena.  c  crv^^^^^ 
For  the  Planets  are  more  heated  by  the  Sun's  wsto-  r  aJM'^^  *  ' 
urards  their  equators,  and  therefore  are  a  lictie%dre 
condenfed  by  that  heat,  than  towards  their  poles*         c<ywrV 

IN^orcoyer,  that  tliere  is  a  diminution  of  gravity  oc-  0  Ai/v^n^  \ 
cafioneSfby  the  diurnal  rotation  of  the  Earth,  and 
therefore  the  Earth  rifei^highcr  there  than  it  does  at    \  ^^^ 
the  poles,  (ruppofinglKat  its  matter  is  uniformly  denfe) 
will  appear  by  the  experiments  of  pendulums  related 
under  tne  following  propofition. 

Proposition  XX.     Problem  IV. 

To  find  and  compare  together  the  weights  of  bo- 
dies in  the  different  regions  of  our  Earth. 

^Y^  Becaufe  the  weights  of  the  unequal  legs  of  the  canal  'yav^^^ 
of  water -^Ci2^^(r4,  are  equal;  and  tEeweights  of  the 
parts  proportional  to  the  wtiole  legs*  and  alike  (ituatedt  ^^v*^.  "1 
m  them,  are  one  to  another  as  the  weigKts  of  the 
wholes,  and  therefore  equal  betwixt  themfelves;  the 
weights  of  equal  parts  and  alike  Situated  in  the  legs, 
will  be  reciprocally  as  the  legs,  that  is,  reciprocally  as 
2  JO  to  2 2p.  And  the  cafe  is  the  fame  in  allhomO"- 
geneous  equal  bodies  alike  fituated  in  the  legs  of  the 
canal.    Their  weights  are  reciprocally  as  the  1^>  that 
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is,  reciprocally  as  the  diftances  of  the  bodies  from  the 
centre  of  the  Earth.    Therefore  if  the  bodies  are  fitu- 

A^tcA^^oj^^'ated  in  the  u££ermoft  parts  of  the  canals,  or  on  the 

o  evJi<M  furface  of  the  Earth,  their  weights  will  be,  one  to  an- 
pther,  reciprocally  as  their  diftances  from  the  centre. 
VVnd  by  the  larae  argument,  the  weights  in  all  other 

jC^^Atei^  places  round  the  whole  furface  of  the  Earth,  are  reci- 
procally as  the  diftances  of  the  places  from  the  centre ; 
and  therefore,  in  the  hypothefis  of  the  Earth's  being  a 
fphacrpid,  are  given  in  proportion. 

,^y>,o,\i^4c Whence  ar^s^this  theorem,  that  the  increafe  of 
weight,  in  paffi^g  from  the  equator  to  the  poles,  is 
nearly  as  the  yerfed  fine  of  double  the  latitude,  or, 
which  comes  to  the  fame  thing,  as  the  fquare  of  the 
right  fine  of  the  latitude.  And  the  arcs  of  the  degrees 
of  latitude  in  the  meridian^  increafe  nearly  in  the  fame 
proportion.  And  therefore^  fince  the  latitude  of  ?arii 
is  48°.  50',  that  of  places  under  the  equator,  00®.  00'. 
and  that  of  places  under  the  poles  po°;  and  the  verfed 
finesofdoublethqfearcs  are  11354,00000  and  20000, 
the  radius  being  100005  an4  the  force  of  gravity  at 
the  pole  is  to  the  force  of  gravity  at  the  equator,  as 
230  to  22p,  and  thee?cef$  of  the  force  x)f  gravity  at 
the  pole,  to  the  forcp  of  gravity  at  the  equator,  as  i 
to  229,  thee^^cefs  of  the  force  of  gravity  in  tfee  lati- 
tude of  PariSi  will  be  to  the  force  of  gravity  at  the 
equator  as  i  x  44414^  to  229,  or  as  %66j  to  2290000. 
And  therefore  the  whole  forces  of  gravity  in  thole 
places  will  be, '  one  to  the  other,    as    %ic^^66j  to 

WcfvM^iMiJ^^^^^^oo*    Wherefore,  fince  the   lengths  of  pendu- 
^       jums  vibratinglrTequal  times,  are  as  the  forces  of  gra- 
vity, and  in  the  latitude  of  PariSy  the  length  of  a  pen- 
duluifii  vibrating  fecoqds,  is  3  Paris  feet,  and  8  \  hnes, 

V      ,.  t.  .    or  rather,  becaufe  of  the  weight  of  the  air  8  ^  lines; 

the  length  of  a  pendulum  vibrating  in  the  fame  time 

^^    pnder  the   equator,  will  be  jhorter   by  1,087  '*"^* 

"^^  ^^        ^nd  by  a  like  calculus  the  following  table  is  made. 

LatituJk 
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24-7 


jMkude  •/ 

Z^i'*  «/^te 

Mtafure  of  one  degrtt 

thefUce. 

pcndHltm. 

in  the  meridian. 

Deg. 

Feet. 

Lines. 

Toifes. 

o 

7.4<58 

56(Jj7 

5 

7,482 

5<J<f42 

lO 

.    7.526 

5665P 

1$ 

7'5P<5 

5<J687 

20 

.    7><^5>a 

56724 

ij 

7.812 

56769 

50 

'    7>5>48 

56825 

55 

.     8,op5> 

5-6882 

40 

.      8,2(Jl 

5694r 

I 

.    8,2p4 

^65)58 

2 

.    8,527 

565.71 

3 

.     5,351 

56984 

4 

.    8,55.4 

f65>5)7 

45 

.    8.428 

57010 

6 

,    8,4^1 

57022 

7 

.    8,45>4 

57035 

8 

.    8,528 

57048 

9 

8,5<ri 

57061 

50 

8»55»4 

57074 

55 

8,756 

57157 

«o 

.    8,5)07 

57196 

<f5 

.    $>.G44 

57250 

:^<^   . 

.       S>,I<S2 

f7i95 

I' 

,    p.258 

5755* 

80 

.    5>5aS> 

575  <yo 

85 

.    9.57* 

57577 

50 

r    9>l^7 

57382 

By  this  table  therefore  it  appears,  that  the  inequality 
of  degrees  is  fo  fmalk  that  the  figure  of  the  Earth,  in 

R  4  gcogra- 
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geographical  matters,  may  be  confidered  as  fphaerical ; 

cfpecially  if  the  Earth  be  a  little  denfer  towards  the 

plane  of  the  equator  than  towards  the  poles.      ^^  (x{^\^j^ 
^^^^        Now  feveral  aftronomers  fent  into  remote  OTurftrics 

to  make  aftronomical  obfervations,    have  found  that 
\   4%i^  pendulum  ck)<;ks  do  accordingly  move  flower'  near  the 
^^)  ^^'  •  equator  thWIK^our  climates.    And  6rft  of  alfm^he 
L        '  year  1^72,  M.  Richer  took  notice  of  it  in  the  ifland    ^ 

^^^"^^  of  Cayenne.     For  when,  m  the  month  of  Angufi^  hg^  A 

was  obferving  the  tranfits  of  the  fixt  Stars  over  tlie 
vvoWiA^*^     meridian,    he  found  his  clock  to,^  flower  than  it 
kj1k<^    ought  in  refped  of  the  mean  motion  of  the  Sun,  at 


» 


av^^fw  '  ^  the  rate  of  2'.  28".  a  day,     Thereforc(fitting  upj  ^ 
^^t.^v.^'^^^^  iimplTpendulum  to  vibrate  in  feconds,  which  were 
meafured  by  an  excellent  clofk,  he  obferved  the  length 
of  that  fimple  pendulum^j^nd  this  he  did (oycr^and 
j'Ui    '^<  overievery  week  for  .ten  months  together.    And  upoa 
his  return  to   France^  comparmg  the  length  or  that 
pendulum,  with  the  length  of  the  pendulum  at  Paris^ 
(which  was  3  Paris  feet  and  8  f  lines)  he  found  it 
porter  by  i  |  line. 
.[^^y  xvai     Afterwards  our  friend  Dr.  Hallejy  about  the  year 
1677,  arriving  at^t^e^ffland  of  St^  Hekn^  found  his 
pendulum-clock   to   go  flower  there  than  at  London* 
^    without  marking  the  difference.     But  he  fl^oflped  the 
{i^^JoSrci  his  clock,  by  more  than  the  -J  of  an  inch,  or 
I  ^  line.     And  to  effed  this,  becaufe  the  length  of 
U»r       ^'^^^^S'^^JL^^  the  lower  end^oF  the  rod.  was  not  iuffici-^ 
<\\&A  v><v^        ent,'^e  mterpofed  a  wooden  ring  betwixt  the  nut  and 
the  ball.- fo.^  o^^cv^^.  ^^6  |^e^ 

Lkksa^  XS^  in  the  year  i6%i.  M.  /^rm and  M.  des  Hajes^ 
found  the  length  of  a  fimple  pendulum  vibrating  in 
feconds  at  the  royal  obfervatory  of  Paris  to  be  5  feet 
and  8^  lines.  And  by  the  famQ  method. in  the  ifland 
ofGoree,  they  found  the  length  of  an  ifochronal  pendu- 
lum to  be  5  feet  and  6j;  lines>  differing  from  the  for- 
frjer  by  twp  Ui^es.  And  in  the  fame  year^  going  to  the 

iflan^^ 
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iflands  of  GfuuLdoupe  and  Martinicoj  they  found  that  the 
length  of  an  ifochronal  pendulum  in  thofe  iflands  was 
3  feet  and  6^  lines,  y,*^ 

After  this  M.  ConpUtj  thevloni  in  the  month  of  %-     ,    ^ 
Ij  i(J97,^%he royal  obfervatory  of  PariSy%&tt^ahis  Af  ** 
pendulum  clock  to  the  mean  motion  of  the  Suny  that 
for  a  confiderable  time  together,  the  clockagiwd^with-^f^v^ 
the  motion  of  the  Sun.     In  November  follbwing,   ug<<>^ 
jHl  his   arrival  at  Lisbon^    he  found  his  clock  to  go 
flower  than  before,  at  the  niteof  2'.  ij".  in  24  hours,  V^^^^itrvv  ^ 
And.ncxj^^rrfe  coming  to  Paraiba  he  found  his  clock  /Tij*^^^* 
to  go^llower  there^tfianat  Pdris^  and  at  the  Tate  of  4'. 
11  \  in  24  hours.    And  he  affirms,  that  the  pendulum 
vibrating  in  feconds  was  (horter  at  Lisbon  by  2^  linesy 
and  at  Paraiba    by  3f  lines,  than  at  Paris.  He  had  done      . 
better  to  have   reckoned  thofe  differences  if  and  2f.  f  <^*^^*^^^ 
For  thefe  differences  correfpond  to  the  differences  of 
the  times  i\  i^'\  and  4^  i2''.  But  this  gentleman's  ob- 
fervations  are  fo  grofs,   that    we  cann5C  confide  in 
them. 

In  the  following  years  1659  and  1700.  M.  Jes  Hajes^ 
making  another  voyage  to  America^  determined  that  inl'^f^t^^i^ 
tlieiH^dsof  Cajenne  mA  Granada  the  length  of  the  pen- 
dulum vibrating  in  feconds  was  a  fmall  matter  Icfs  c^^i 
than  3  feet  and  (f^  lines;  that  in  the  iflahd  of  St. 
Chriftophersj  it  was  3  feet  and  6^  lines;  and  ij;i  the 
ifland  of  St.  Domingo,  5  feet  and  7  lines* 

And  in  the  year  1704*  P.  Feuille  at  Puerto  beUo  in 
jimericay  found  that  the  length  of  the  pendulum  vibra- 
ting in  feconds,  was  3  ?4wfeer,  and  only  5/7  Unes, 
that  is,  almofl  3  lines  (horter  than  at  Paris ;  but  the  .  . 
obfervation  was  faulty.  For  afterwards  going  to  the  ^r^^' 
ifland  of  Martinidroe  found ^fii length  of  the  ifo- 
chronal pendulum  there,  3  Paris  feet  and^ff  lines. 

Now  the  htitude  of  Paraiba  is  6\  58'*  fouth.  That 
of  Puerto  belb  90.  35'.  north.  And  the  latFtudes  of  the 
idands  Cajenne^Goree,  GuadalQtffe^  /tiartfrnco,  Granada^ 
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St.  Chrifiophers  and  St.  DomingOy    are  re(pcdivcly  ^^. 

55',  i4<>,  40",  I4<>.  00',  14*.  44',  12^  o6\  170-  i5>'. 

and  15°.  48',  north.      And  the  excefles  of  the  length 

j^       of  the  pendulum  at  Paris  jbQSce  the  lengths  of  the  ifochra- 

nal  pendulums  obferv'd  in  thofe  latitudes^are  a  little  grea- 

ter  than  by  the  table  of  the  lengths  of  the  pendulum  a-- 

bove  computed*      And  therefore  the  Earth  is  a  little 

higher  under  the  equator  than  by  the  preceding  cdcu- 

^^^^    lus,  and  a  little  denfer  at  the  centre  than  in  mines  near 

J  JO         the  furfacet  uplcfs  perhaRS  the  heats  oTthe  torrid  zone 

*  ^  have  a  little^ extendeJUir length  of  the  pendulums. 

m^^  For  M.  PicdTt  has  obfer/d,  that  a  rod  of  iron,  which 

1  VvC  JLo      *"  frofty  ^wther  in  the  »J!^cr  feafon  was  one  footnA. 

A  long,   wheii*^fieited  by  fircTwas  lengthened  into  iTbot 

t^*^  and  I  line.    Afterwar3rM.  di  U  Hire  found  that  a 

rod  of  irons   which  in  the  like  winter  feafon   was  6 

r/vv«u^       feet  long ;  when  exposed  to  the  heat  ofthefummer  Sun, 

was  extended  into  6  feet  and  f  line.    In  the  former 

cafe  the  heAt  w^s  greater  than  in  the  latter.    But  in  the 

latter  it  was  greater  than  the  heat  of  the  external  parts 

pf  an  hufnan  body.     For  metals  expos*d  to  the  fum- 

mer-fun,  acquire  a  very  confiderable  degree  of  heat. 

But  the  rod  of  a  pendulum-dock  is  never  expos'd  to 

the  heat  of  the  fummetrfun,  nor  ever  acquires  a  heat 

equal  to  that  of  the  external  parts  of  an  human  body. 

„<v^w<UM.     And  therefore  though  the  j  foot  rod  of  apenc^utum       r 

ufioiitVkwjJ^''^^^   willjodeed   be  a  little  longer  in  the  fummer     / 

than    in  the  winter-feafon  ;    yet  the  diflFerence  will 
.vs  (.xvKuvti  Jfcarcely  amount  to  ^  line.    Therefore  the  total  difference 
oTlEe  lengths  of  ifochronal  pendulums  in  di£RatQt 
climates,  cannot  be  afcrib'd  to  the  difference  of  heat. 
t^  ^^  -  /t  ^    Nor  indeed  to  the  piiftakes  of  the  ^[^fj^  aflronomen. 
J      ^  .  ^  For  although  there  is  not  a  peifedTagreement  betwut 
iU  o  •  ^*^^"^  ot>'^*^ion5»  ^  Ac  errors  arc  ftTlmalrt^t  they 
' ''  *^ '  ' '  *  may  be  negleded  i  and  in  this  they  all  ^ree>  that  ifo- 
chronal pendulums  are  fliorter  under  the  equator  than 
%t  tl^e  royal  obfervatory  oi  Fms^  by  s^  difference  not 

^        left 
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lefs  than  i  J  line,  nor  greater  than  2  f  lines.    By  the 
obfervations  of  M.Rkbtr  in  the  iflandofCi^ruiffjthedir- 
fibrence  was  i\  line.  That  difference  being  correded  by 
thofe  of  M.  iks  H^nes  becomes  i  f  line  or  i  ^  linet 
Hy  the  lefs  accurate  oofervations  of  others  the  fame  was 
made  about  two  lines.     And  this  difagreement  niighc  ^^^^mm./^^ 
arife  partly  from  the  errors  of  the  obfervations,  partly '^"^*'*^ 
iron)  rb^  diffimilitude  of  the  internal  parts  of  the  Earth, 
and  the  height  of  mountains,  partly  from  the  different 
heats  of  the  air. 

I  take  an  iron  rod  of  3  feet  long  to  be  (horter  by 
a  fixth  part  of  one  line  in  winter  time  with  us  here  in  .^'^^*^ 
England^  than  in  the  fummer.      Becaufe  of  the  great      1 
heats  under  the  equator,    fubduft  this  quantity  from  ^^'^ 
the  difference  of  one  line  an3^a  quarter  obferv'd  by  M. 
HicbiTp  and  there  will  remain  one  line  tV>  which  agrees 
very  well  with  irff.-  line  collei9:ed  by   the   theorv 
a  little  before.),  M.  Richer  repeated  his  obfervations,  maoe 
in  the  illand  of  Caj/enne,  every  week  for  10  months  to-^^A.) 
gether,   and  compared  the  lengi^'^f  thc^pendulum^^^HU./^^ 
wEich  he  had  there  noted  in  the  iron  rods,   with  the  ^'^^ 

lengths  thereof  which  he  obferv'd  in  Frdncc.     This  A  u.^  ^ 
diligence  an^  care  feggito  have  beenjwanfing  to  the  o-^^^*^**^**^ 
ther  obfervers.     If/ffils^ntleman's/ow^^        are  to 
be  depended  on,  the  Earth  is  higher  under  the  equator 
than  at  the  poles,  and  that  by  an  excefs  of  about  ij 
fniles;  as  anpeared  above  by  the  theory. 


Prop- 
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Proposition  XXI.  Theorem  XVII. 

That  the  equinoBial points  go  backwardsy  and 
that  the  axe  of  the  Earthy  by  a  nutation  in 
every  annual  revolution^  twice  vibrates  t(h 
woMs  the  ecliptic  J    andias  qften)retums  to 


its  former  pofition. 


vdv^u 


WCM 


The  propofition  appears   from  cor.  20.  prop.  d(J. 
book  I.  But    that  motion 'of  nutation  muft  be  very 
r    .   ,       imall,  and  indeed  fcarce  perceptible. 

Proposition  XXII.  Theorem  XVHL 

That  all  the  motions  of  the  Moon,  and  all 
the  inequalities  of  thofe  motions,  follow 
from  th^  principles   which  we  have  liUd 

t/jivuitc         down.^!^^ 

/    \ ,  H  \       That  the  greater  Planets,  while  they  are  carried  about 

the  Sun    may,  ip  the  mean  time,  carry  other  leffer 

Planets,  revolving  about  them  j  and  that   thofe  leffer 

Vlanets  muft  move  in  cllipfes,  which  have  their  foci  in 

the  centres  of  rhq  greater,  appears  from  prop.  6^.  book 

j\^,  ,^\>viuN  I-    But  then  their  motions  will  be  (5veral  ways  dif- 

turb'd  by  the  aftion  of  the  Sun,  and  tney  will  fuffcr 

fuch  inequalities  as  are  obferv'd  in  our  Moon.     Thus  ^^ 

our  Moon,  (by,cor.  2,  3, 4,  and  5.  prop.  6f.  booPTo 

V  (,    ;,     ]  r  movers  /after,    and,  by  a  radius  drawn  to  the  Earth, 

defcribes  an  area,  greater  for  the  time,  and  has  its  orbit 

lefs  curv'd,   and  therefore   approaches    nearer  to  the 

Earth,  in  thefyzygies  than  in  the quadratures,except« 

^,,,,i-  -v^.i.  ^"g  '»^((o  far  as)thefe  effefts  are  lun^er*^  by  the  moti- 

'     on  of  eccentricity.   For(by  cor/prproprtftf.book  i.) 

the 
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the  eccentricity  is  greatefty  when  the  apogeon  of  the 
Moon  is  in  the  fyzygies,  and  leaft  when  the  (ame  is 
in  the  quadratures ;  and  upon  this  account*  the  peri*  j 

geon  Moon  is  Iwifter,  ana  nearer  to  us,  but  the  apo-'^'^^M  ^**^ 
geon  Moon  flowcrTahd  farther  from  us,  in  the  fyzy-^^f^c' 
gies  than  in  the  quadratui^V^^Moreover    the  apogee  p^-^^^^''^^ 
goes  forwards,  and  the  nodes  backwards:   and  this  \s[^Mj^cd'^'^^ 
done,  not  with  a  regular,  but  an  unequal  motion.  For 
(by  con  7  and  8.  prop.  66^  book  i.)  the  apogee  goes       > 
more    fwiftly  forwards   in  its  fyzygies,  more  %wl)r^^jj^^ 
backwards  in  its  quadratures;  and,   by  the  exccfs  ojf      *^ 
its  progrefs   above  its  re^refi,  advances  yearly  in  confix  tk^MAJUk/i^K, 
qmntis.     But(contrarywife)the  nodes  (by  cor,  1 1 .  projK^  t  rvJ{<fi-^Co 
66.  book  I.)  are  quidcent  in  their  fyzygies,  and  go  «f^^'t^^ 
fej^ft  ba^  in  their  quadratures.    Further,  the  greatelik  lo  ^^v^^  n^d^ 
htimdeWtlie  Moon,  (by cor.  ii^yiS^66.  book  i.) 
is  greater  in  the  quadratures  of  the  Moon,  than  in  its 
fyzygies.     And  (by  cor.  6.  prop.  66.  book  i.)  the         ^ 
mean  motion  of  the  Moon  is  flower  in  the  perihelion  ^^  "^^"^^ 
of  the  £arth»  than  in  its  aphelion.    And  thefe  are  the 
prilicipal  inequalities  (of  the  Moon^  taken  notice  of  by 
aftronomers.  4^     * 

But  there  are  y&c  other  inequalities,  not  obferv'd  by  ^^^*^'^*^^ 
former  aftronomers;    by  which  the  motions  of  the  /^l^^^*^^> 
IVtoon  are  fo  difturb'd,  that  to  this  day  we  have  noc 
been  aUe^to  bring  them  under  any  ceruin  rule.    For  ^'^^^<^1 
the  velocities    or     horary   motions   of  the     apogee 
and  nodes  of  the  Moon,    and  their  equations  as  welt 
as  the  difference  betwixt  the  greatcft  eccentricity  in 
the  fyzygies,  and  the  leaft  eccentricity  in  the  quadra* 
tures,  and  that  inequality,  which  we  call  the  variation, 
are  (by  cor.  14.  prop.  66.  book  i.)  in  the  courfe  of 
the  year,  augmentea  and  diminiih'd,  in  the  triplicate 
proportion  of  the  Sun's  apparent  diameter.     And  Jbe^  d  A^w.0^ 
iid^(by  cor.  i  and  2.  1cm.  10.  and  cor.  i<f.  prop.(J(f. 
hook  I.)  the  variation  is  augmented  and  diminiih'd, 
nearly  in  the  duplicate  proportion  of  the  time  between 

the 
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the  quadratures.  But  in  aftronomical  calculatiods,   this 
j.j^^^^^^ncquality  is  commonly  IthrownintoJ  and  confound-- 
ed  with,  the  equation  of  tHe  MoSifs^  centre* 

Proposition  XXllL     Problem  y. 

Jlva<v<  ^^^^TJVJ  the  unequal  motims  of  the  fatellites 
of  Jupiter  and  Saturn  from  the  motions  oj 
OUT  Moon. 

From  the  motions  of  our  Moon  we  deduce  the  cor- 
nfponding  motions  of  the  n^oons  or  fatellites  of  Ju<^ 
piter,  in  this  mannjr,  by  cor.  \6.  prop.  66.  book  !• 

.oA  v^jfl^*^  ^^^  ^^^  motion  ofthe  nodesof  the  qutmoft  fatellite 
of  Jupiter,  is  to  the  mean  motion  of  the  nodes  of  our 
Moons  in  a  proportion  compounded  of  the  duplicate 
proportion  of  the  periodic  time  of  the  Earth  about 
the  Sun,  to  the  periodic  time  of  Jupiter  about  the  Sun, 
and  the  (imple  proportion  of  the  periodic  time  of  the 
fatellite  about  Jupiter  to  the  periodic  time  of  our  Moon 
about  the  Earth :  and  therefore  thofe  nodes,  in  the 
Ipace  of  an  hundred  years,  arc  carried  8^.  24'.  back- 

t^/U  f<i  <«^N  ^'[ards,  or  in  4fUecedentia.    The  mean  motions  of  the 

Atx  v^  *«.»  nodes  of  the  inner  fatellites,  are  to  the  mean  motion  of 
the  nodes  of  the  outmoft,   as  their  periodic    times  to 

N*..v  t*\«-^^  ^hg  periodic  time  of  the  former,  by  the  fame  corolla- 
ry, and  are  thence  given.  And  the  motion  of  the  ap- 
fis  of  every  fatellite  in  confequentin,  is  to  the  motion  of 
its  nodes  in  anttcedentia^  as  the  motion  of  the  apogee  of 
our  Moon,  to  the  motiojn  of  its  nodes   (by  the  fame 

i  t\K  s(«^AjfeVi corollary)  and  is  thence  given.  But  the  motions  of 
the  apfides  thus  foun^muftbe  diminifh'd  in  the  pro- 

\  K^  V t^^  portion  of  5  to  p,  or  of  about  i  to  2,  on  account  of  a 
caufe,  which  I  cannot  here  defcend  to  explauu  |Tbe 
gteatcft  equations  of  the  nodes,  and  of  the  apfis  of  o- 
very  fatellite,  are  to  the  greateft  equations  ofthe  nodes, 

and 
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and  apogee  of  our  Moon   refpedively>  as  the  motions 
of  the  nodes  and  apfides  of  the  fatelUtes^   in  the  time 
of  one  revolution  of  the  former  equations,  to  the  mo« 
tions  of  the  nodes  and  apogee  of  our  Moon,  in  the 
time  of  one  revolution  of  the  latter  equations.    The  va-     '  ^ 
riation  of  a  fatellitc,  jegn  from  Jupiter,  is  to  the  varia-  ^^^^^ 
tion  of  our  Moon,  in  the  fame  proportion,  as  the  whole 
motions  of  their  nodes  rcfpedively,  during  the  times*  (M**^^ 
in   Nvhich  the  fatcUite  ana  our  Moon,    (after  parting  iAw^t^^M** 
fromj  are  revolv'd  (again^  to  the  Sun,  byThe   fame  <*^/«^  v^ 
corollary  ;   and  therefore  in  the  outmofl  fatellite,    the 
variation  does  not  exceed  5".  ii'" 


jf* 


Proposition  XXIV.     Theorem  XIX. 

that  the  flux  and  reflux  of  the  Sea,  arifefrom  -^'^'^S^ 
the  aSfims  of  the  Sun  and  Moon*  ^ 

By  cor.  ip  and  20.  prop.  <J(J,  book  i.  It  appears  that 
the  waters  of  the  fea  ought  twice  to  rife  and  twice  to    i^J*^ 
fall  every  day,  asweltluna?asfolar;  anS^that  the  great- 
eft  height  of  the  waters  in  the  open  and  j(deep  feas,  a  Om 
ought  to  follow  the  appulfe  of  theluminaries^  to  the 
meridian  of  the  place,  by  a  lefs  interval  than  6  hours ; 
as  happens  in  all  that ^wftern  trad  of  the  j4tlamic  and  ^^^^^ 
t/£rfei*(ipirTeas  between  Trance  an^Ke  Gate  of  Good  Hope ; 
and  on  the  coafts  of  Ghili  and  Pern  in  tne  Soufh-Sea;  in 
all  which  fh^rs^he  flood  falls  out  about  the  fecond>  luvJ 


^ox>7 


^*<^.i' 


third,  or  fourth' hour^  uolefs  ^hcrc  the  motion  propa-  . . 

gated  from  the^deqajO^^  byffitf-ftiallaaaiefsof  the  ^^^ '^*'' /  ' 
channels,    throi^ST^which  it  pafTes  to  fome  particular  ^^  "^^^ 
placSr  retarded  to  the  fifth,  fixth»  or  feventh  hour,  and  ^ 

even  laterj^^/The  hours  I  reckon  from  the  appulfe  of  -^^^''* 
eachltrnmary  to  the  meridian  of  the  place,  as  well  un- 
der, as  above  the  horizon ;    and  by  the  hours  of  the 
lunar  dav,  I  underft^nd  the  24th  parts  of  that  time,  ij^^^r.;;   T^^ 
which  the  Moon>  by  its  ^apparent  diurnal  motion,  em-'  ^^ 

ploys 
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'   pioys  to  come  about  again  to  the  meridian  of  the  place 

r*^*' S*  f  ^'^'^^  ^^  ilEfL^'^^  daybeTore.  The  force  of  the  Sun  or 
j***^ ^T^'^^'Moon  inTajKng  the  fca,  is  grcateft  in  the  appulfe  of 
Vio^-Ok*^-   the  luminary  to  the  meridian  of  the  place.      But    the 

force  impreued  upon  the  fea  at  that  time  continues  a 

M>u^     little  while  after  the  impre{fion>  and  is  afterwards  en- 

Uml^LjJJml  ^^5*^  ^y  ^  ^^»  iiSui^  '^^^'  force  ftill  afting  upon  iu 

^^^J"*^'^  This  makes  the  fw^e  higher  and  ingher,  till  this  neiv 

iJ^iX      force  becoming  tod*  wJaJc  }o^l^^kj^y  more,  the  fea 

J   ^  ^      rifts    to   its   greateft   hcignnAnd  this  will   come 

to  paf5£erhaps  in  one  or  two  hours,  but  more  frequent^* 

ly  near  tEclnores  in  about  three  hours,  or  even  more 

where  the  fcalTflialloy.-  ^*>*^« 

The  two  luminaries  excite  two  motions,  which  wifl 

not  appear  diflinAIy,  but  between  them  will  arife  one 
c^^^.v-  tf\   Ottixt  motion  compounded  out  of  both.    In  the  con- 

.|un£tion  or  oppoHtion  of  the  lummaries^  their  forces 

>  ;^^   will  beconjoin'd,  and  bring  on  the  peateft  flood  and 

^^t^vT^ ;  ^jhb-    In  the  quadratures  the  Sun  wiUtrnf^e  waters 

V    ^    which  the  Moon  dcpreffes,  and  deprefstKewaters  which 

^'  ^"^^^ '^    ^Ijg  Moon  raifes,  and  from  the  di£Ference  of  their  forces^ 

^^^^^  .     the  fmalleft  of  alludes  will  follow*    And  becaufe  (zs 

'^ '     experience  tells  us)  the  force  of  the  Moon  is  greater 

than  that  of  the  Sun,  the  greateft  height  of  the  wa- 
..ss^i'W   ters  will  happen  about  the  third  lunar  hour«     Out  of 


H    il 


the  fyzy^ies  and  quadratures,  the  grcateft  tide,  which 
by  the  (ingle  force  of  the  Moon  ought  to  &U  out  at 
the  third  lunar  hour,  andbythc  fingle  forceof  tbeSun 
at  the  third  folar  hour*  by  the  compounded  forces  of 
both  rouft  fall  out  in  an  intermediate  time,  that  ap^ 
proaches  nearer  to  the  third  hour  of  the  Moon^  than 
to  that  of  the  Sun.  And  therefore  while  the  Moon  is 
pafling  from  the  fyzygies  to  the  quadratures^  during 
which  time  the  3d  hour  of  the  Sun  precedes  the  5a 
hour  of  the  Moon,  the  greateft  height  of  the  waters 
will  alfo  precede  the  jd  Iwur  of  the  Moon;  and  tbt^ 
by  the  greateft  interval,  a  [ittlc  after  the  oAantsofthe 

"  ^^^  " ""      MooDj 
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Moon  ;   and  by  like  intervals,  thcgreateft  tidtwill  fol^'^^vvAVe^*^ 
low   the    3d    lunar    hour,    while  the  Moon  is  paffing 
from  the  quadratures  to  the  fyzygies.     Thus  it  hap-       ^    .^ 
pens  in  the  open  fea.     For  in  the  mouths  of  rivers,  tnc  ^^^»^<  "^ 
greater  tideScome  later  to  their  heigKtT"'^^'^^*^ 

But   the  cflFefts  of  the  luminaries  depend  upon  their 
diftances  from  the  Earth.    For  when  they  are  lefsdif- 
tant,  their  efFeds  are  greater,    and  when  more  diftant» 
their  efFefts  are  leC,  and  that  in  the  triplicate  propor- 
tion of  their  apparent  diameter.     Therefore  it  is,  that 
the  Sun,   in  the  winter  time,  being  then  in  its  perigee* 
has  a  greater  effed,  and  makes  the  tides  in  the  fyzygies  4f^^^^ 
fomething  greater^  and  thofe  in  the  quadratures  fome- 
thing  lefs  than  in  the  fummcr  feafon;  and  every  month  vk^^'  ^ 
the  Moon,  while  in  the  perigee*  raifcs  greater"lides    ^ 
than  ac  the  diftance  of  ij  days  before  or  after,    when 
it  is  in  its  apogee.     Whence  it  comes  to  pafs,  that  two 
highcft  tides  don't  follow,  one  the  other,  in  two  im- 
mediately fiicceeding  fyzygies. 

The  effeft  of  eu^r  lununary  doth  likewife  depend 
upon  its  declination  or  diftance*from  the  equator.    For, 
if  the  luminary  was  plac'd  at  the  pole,  it  would  con- 1 
ftantly  attraftall  the  parts  of  the  waters,  without  any 
intenfion  or  rcmiflion  of  its  aftion,  and  could,  caufe  no 
reciprocation  of  motion.     And  therefore,  as  the  lumi- 
naries decline    from  the  equator  towards  either  pole^ 
they  wiH,  by  degrees,  hk  their  force,  and  on  thisac-  '(^'^^'^ 
count  will  excite  leifer  tides  in  the  folftitial  than  in  the 
equinoiftial  fyzygies.    But  in  the  folftitial  quadratm-es, 
they  wi)l  raiie  greater  tides   than  in  the  quadratures  a-  '^^'^  " ' 
bout  the  equinoxes;    Becaufe  the  force  of  the  Moon 
then  fituated  in  the  equator,  moft  exceeds  the  force  of 
the  Sun.     Therefore  the  greateft  tides  fall  out  in  thofe 
fyzygies,  and  the  leaft  in  thofe  quadratures,    which  ^ 

happen  about  the  time  of  both  equinoxes;     and  the /-^^^^^  '^ 
greateft  tide  in  the  fyzygies  is  always  fucceeded  by  the 
leaft  tide  in  the  quadratures,  as  we  find  by  experience. 
Vol.  If.  S  Butj, 
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But,  becaufe  the  Sun  is  lefs  diftant  from  the  Earth  in 
winter  than  in  fummer,  it  comes  to  pafs  that  the  great- 

^,^^^        eft  and  leaft  tides  more  frequently  appear  before  than 
^^       after  the  vernal  equinox,   and  more  frequently  after 
than  before  the  autumnal. 

Moreover,  the  effeifls  of  the  luminaries  depend  upon 

the  latitudes  of  places.  L^t  ^pEP  PLio.Fig.  i.  reprefcnc 

the  Earth  coverM  with  deep  waters ;     C  its  centre ; 

/ju4.Vtt_-       ^^P  ^^^  po'cs;  ^E  the  equator  ;  F,  any  place  without 

(  "^  the  equator;  F/,  the  parallel  of  the  place ;  D^/TIieTor- 
refpondent  parallel  on  the  other  fide  of  the  equator  ; 
Lj  the  place  of  the  Moon  three  hours  before;  H,  the 
place  of  the  Earth  direftly  under  it ;  hj  the  oppofite  place ; 
X",/^ the  places  at  90  degrees  diftance;  CHj  Chj  the 
greateft  heights  of  the  fea  from  the  centre  of  the  Earth; 
and  CKi  ck^  its  leaft  heights;  and  if  with  the  axes 
ffhy  Kkji  an  ellipfis  isdefcrib'd,  and  by  the  revolution 
of  that  eUipfisabout  its  longer  axe  Hhj  a  fpha^oid  HP 
Khpkz  is  formed,  this  fphaeroid  will  nearly  reprefent 
the  figure  of  the  fea;  and  CF^  Cf^  CDj  Cdj  will  repre* 
fent  the  heights  of  the  fea  in  the  places  Ffy  Dd.  But 
further,  in  the  faid  revolution  of  the  eHipfis  any  point 
N  defcribf.s  the  circle  NMy  cutting  the  parallels  Ff^ 
Ddy  in  any  places  RTi  and  the  equator  jiE'inSi  CIST 
will  reprefent  the  height  of  the  fea  in  all  thofe  places-^, 
Sy%  fituated  in  this  circle.  Wherefore  in  the  diurnal 
revolution  of  any  place  F,  the  greateft  flood  will  be  in 
F,  at  the  3d  hour  after  the  appulfe  of  the  Moon  to  the 
meridian  above  the  Horizon  ;  and  afterwards  the  great- 
eft ,cbb*in  Oy  at  the  ^d  hour  after  the  fettin?  of  the 
Moon*,  and  then  the  greateft  flood  in/,  at  the  jd  hour 
after  the  appulfe  of  the  Moon  to  the  meridian  under 
the  horizon,  and  laftly,  the  greateft  ebb  in  Qt  at  the 
7,d  hour  after  the  rifin^  of  the  Moon;  and  the  latter 
flood  in  /,  will  be  lefs  than  the  preceding  flood  in  F. 
For  the  whole  fea  is  divided  into  two  hemifpherical 
floods,  one  in  the  hemifphere  KHk  on  the  north  fide, 

the 
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the  other  in  the  oppofite  hefnifphere  Kh  i^  which  we  may 
therefore  call  the^noghfrn  and  *the  foutherh   floods.  ^^Vi^'^^^ 
Thefe  floods  being^ways  bppbfite  the  one  to  the  other, 
come  by  turns  to  the  meridians  of  all  places,  after  an 
interval  of  1 2  liinar  hours.    And  feeing  the  northern 
countries  partake  more  of  the  northern  flodd,  and  the  /vwti«^>^^ 
fouthem  a)untries  more  of  the  fouthern  flood,  thence 
arife  tides^  alfeSiafely  greater  and  lefs  in  all  places  with-  '*^-*^^^^ 
^the  equator,  in  whi^h  the  luminaries  rife  artJTet.'^A**^*- 
fiut  the  greatefl:  tide  will  happen,  when  the  Moon'He^  )^*^  . 
cVmes  towards  the  yertex  or  the  place,  about  the  jdi  -O-tri^^^ 
hour  after  the  appulfe  of  the  Moon  to  the  meridian 
above  the  horizon;  and  when  theMoort  changes  its  de- 
clination to  the  other  fide  of  the    eqnator  ,  that  which 
was  the  greater  ride  will  be  chang'dintoa  lefler;    And  w^^ 
the  grcatcft  difference  of  the  floocb  will  fall  out  about 
the  times  of  the  fblftices  1   efpecially  if  the  afcending       , 
node  of  the  Moon  is  about  the  ^rft  of  Aries.    So  it  is   ^^  '^^^'^ 
found  by  experience,  that  the  morning  tides  in  winter  m^<u1a^«* 
exceed  thofe  of  the  evening,  and  the  evening  tides  in  f^^M^ 
fummcr  exceed  thofe^oTthe  morning  ;  at  Plymouth  by. 
the  height  of  one  foot,  but  at  Briftol^  by  the  height  of 
15  inches,    according  to  the  obferva'tiohs  of  OtUpreJi 
and  Sturmj. 

But  the  motions  vtrhich  we  have  been  defcribing/ 
fuflFerfome  alteration  from  that  force  of  reciprocation; 
which  the  waters^  being  once  moved,  retain  a  Httle  ^^^^"'' 
while  irf  their  vit  infita.  Whence  it  comls^fepafs  than 
the  tides  may  continue  for  fome  timej  tho*  the  adionsf 
of  the  luminaries  fhould  ceafe.  This  power  of  retaining 
the  imprefs*d  motion  leffens  the  difference  of  the  alter- 
nate tides  and  makes  thofe  tides  which  immediately  fac* 
cecd  after  the  fyzygies  greater^  and  thofe  which  follow 
next  after  the  quadratures,  left*  And  hence  it  is,  that 
the  alternate  tides  at  Plymouth  and  Brifiok  don't  differ 
much  more  one  froiii  the  other  than  by  the  height  of  at 
foot  or  15  inches^  and  that  the  greateft  tides  of  all  at: 
:       Sr      '^        thbfS 
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thofe  ports  arc  not  the  firft  but  the  third  after  the  /y- 
a^u^v^i^       zygics.  And  befides  aMthe  motions  are  retarded  in  their 
paflage  through  (hallow  channels*  fo  that  the  greateft 
^  tpwor/  o        jjjgj  q£  j^lj  jjj  fQjjjg  ftrcights  and  mouths  of  rivers,    are 
^(tX^-^      the  fourth  or  even  the  fifth  after  the  fyzygies. 
i.  is\>^<K^  ix     Farther  it  may  Jwpg|n^that  the^e  may  be  propagat- 
ed from  the  ocean  through  diflFerent  channels  towards 
Y^^^  \%it^ir    the  fame  port,  and  may  pafs  quicker  through  fome  chan- 
nels than  through  others^  in  which  cafe  the  fame  tide* 
divided  into  two  or  more  fucceedin^one  another*  may 
compound  new  motions  of  difiPerent  kinds.    Let  us  fup- 
pofe  two  equal  tides  flowing  towards  the  fame  port  from 
difPerent  places,  the  one  preceding  the  other  by  (J  ho^rsi 
and  fuppofe  the  firft  tide  to  happen  at  the  third  hour 
of  the  appulfe  of  the  Moon  to  the  meridian  of  the 
port.    If  the  Moon  at  the  time  of  the  appulfe  to  the 
ti^^^      meridian  was  in  the  equator,  every  6  hours  alternately 
;,vM^vK.AH'.i*\^  there  would  arife  equal   .floocSj   which  meeting  with 
.  ^^  ^^^     as  many  equal  ebbs  would  fo  oallance  one  the  other. 
Tv^^^^^^     that  for  that  dayThe  water  would  ftagnatc  and  remain 
^^  "^'^  quiet.    If  the   Moon  then  declined  from  the  equator, 

the  tides)  in  the  ocean  would  be  alternately  greater  and 
\  J^  lefs  as  wa5  faid.  And  from  thence  two  greater  and  two 
^  leflcrtiHS  wbiSd  be  alternately ^pro^agated  towards  that 

port.  But  the  two  greater  flooas  would  make  the 
^eateft  height  of  the  waters  to  fall  out  in  the  middle 
time  betwixt  both ;  and  the  greater  and  leffer  floods 
would  make  the  waters  to  rife  to  a  mean  height  in  the 
middle  time  between  them,  and  in  the  middle  time  be- 
tween the  two  lelfer  floods  the  waters  would  rife  to 
their  leafl  height.  Thus  in  the  fpace  of  24  hours  the 
waters  would  come,  not  twice,  as  commonly,  but  once 
only  to  their  greateft,  and  once  only  to  their  leaft  height  ; 
ancf  their  greateft  height,  if  the  Moon  declined  to- 
wards the  elevated  pole,  would  happen  at  the  6  or  joth 
hour  after  the  appulfe  of  the  Moon  to  the  meridian; 
and  when  the  Moon  changed  its  declination  this  flood 

would 
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^would  be  changed  into  an^bb.      An  example  of  all  ^•^^'^ 
which  Dr.  Halley  has  given  us,  from  the  obfervations 
oF  ieamen^^in  the  port  of  Bat/ham  in  the  kingdom  of  -^^wu) 
Tlf^ffqHm  in  the  latitude  of  lo*'.  50'.  north.      In  that 
port,  on  the  day  which  follows  after  the  paffageof  the 
JMoon  over  the  equator,  the  waters  ftagnate :  when  the  '^'^^^'^'^ 
IMoon  declines  to  the  north  they  begin  to  flow  and  ebb,  ^<xavaaw^ 
not  twice,  as  in  other  ports,  bat  once  only  every  day, 
and  ihejg^sjjyjappens  at  the  lettmgjand  thegreateftcbb  ^-^"^^ 
at  the  Tiungof  the  Moon.  This  tide  encreafes  with   crVf*'^^^ 
,  the  decknation  of  the  Moon^tiji  the  7th  or  8th  day;    t\/v^t-* 
then  for  the  7  or  8  days  following,  it  decreafes  at  the 
fame  rate    as  it  had  increafed  before,  and  ceafes  when     '^^^^ 
the  Moon  changes  its  declination,  crofling  over  the  c*  c^^jj^*^^^^ 


quator  to  the  (buth.      After  which  the  Hood  is  imme-  ^  ^^ 
diatly  chang'd  into  an  ebb;   and/ thenceforth )thc  ebfo  tS^AAdA.^^^ 
happens  at  the  i|gtting,  and  the  flooa  at  the  n^pg  of  the 
Moon;  till  th^^fioon  a|[ajn  pafling  the  equator  chang-   ^^i^  '^^- 
es  its  declination.    There  are  two  inlets  to  this  port,  Wt4^<^fuittu^ 
and  the  neighbouring  channels,  one  Irom  the  feas  of  |vu5)(i'tato 
ChifMy  between  the  continent  and  the  ifland  of  Luconid^ 
the  other  from  the  Indian  Tea,  between  the  continent 
and  the  ifland  oi  Borneo.     But  whether  there  be  really  ^^ ,  ^^^^^ 
two  tides  propagated  through  the  laid  channels^    one  .^vNA^vto^t 
from  tlie  InMau  Tea  in  the  fpace  of  1 2  hours>  and  one 
from  the  Tea  of  Chitm  in  the  fpace  of  6  hours,  which 
therefore  happening  at  the  jd  and  9th  lunar  hours,  by 
being  f compounded  together,  produce  thofe  motions,  or 
whether  there  be  any  other  circumftances  in  the  ftateof  ^ft'^'^^  ^ 
thofe  feas,  I  |eave  to  be  detenniq'd  by  obfervationTon    ^-^j  C  ■ 
the  neighbouring flioars.*;  '    */i'>^^^ 

Thus  I  have  explained  the  caufes  of  the  motions  of 
the  Moon  and  of  the  Sea.  Now  it  is  fit  to  jubjoin 
fomething  concerning  the  quantity  of  thofe  lAotions* 


Pro; 
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Proposition  XXV.   Problem  VI. 

To  find  the  forces  with  which  the  Sun  dij^ 

turbs  the  motions  of  the  Moon.  PI.  lo.  Fig.l. 

Let  S  reprefent  the  Sun,  7"  the  Earth,  Pthe  Moon, 
fADBxht  Moon's  orbit.  In  SP  take  ^ATequal  to  ST; 
and  let  S  Lht  lo  SK,  in  the  jliiplicari*^proportion  of 
SKxo  SP'j  draw  LM  parallell  to  PT;  and  if  5ror 
SK  is  fuppos'd  to  reprefent  the  accelerated  force  of 
gravity  of  the  Earth  towards  the  Sun,  S  L  will  re- 
prefent the  accelerative  force  of  gravity  of  the  Moon 
towards  the  Sun.  But  thatforceis  compounded  of  the 
parts  S  M  and  L  My  of  which  the  force  LM^  and  that 
part  of  SM  which  is  reprefented  by  TM^  difturb  the 
motion  of  the  Moon,  as  we  have  (hew'd  in  prop.  66. 
.ti  ^  wt  book  I .  and  its  corollaries.  For^uch  as  the  Earth  and 
Moon  are  revolv'd  about  their  common  centre  of  gra- 
vity, the  motion  of  the  Earth  about  that  centre  will 
be  alfo  difturb'd  by  the  like  forces,  but  we  may  con- 
fider  the  fums  both  of  the  forces  and  of  the  motions 
as  in  the  Moon,  and  reprefent  the  fum  of  the  forces 
by  the  lines  TM  and  MLj  which  are  analogous  to 
them  both.  The  force  -^Z,  (in  its  mean  quantity)  is, 
to  the  centripetal  force  by  which  the  Moon  may  be  re- 
tained in  us  orbit  revolving  about  the  Earth  at  reft  at 
the  diftaiice  PT^  in  the  duplicate  proportion  of  the 
periodic  time  of  the  Moon  about  the  Earth,  to  the 
periodic  tjme  of  the  Earth  about  the  Sun  (by  cor.  17. 
prop.  66.  hook  i.)  that  is  in  the  duplicate  proportion 
of  27**.  7*^.  '43'.  to  3(^5^.  6^.  9';  or  as  1000  to 
.  178725;  or  as  I  to  17811.  But  in  the 4th  prop,  of 
this  bbok  we  founds  tha?  if  both  Earth  and  Moon 
were  revolv'd  about  their  common  centre  of  gravity, 
the  mean  diftance  of  the  one  from  the  other  would  be 
nearly  6o\  mean  femidiameters  of  the  Earth.  And 
iii  H«^- '-'   .-^/--'H  ^  c'v,;  ^;~^'^,",^.^;  .  :^;;^  ^   the 
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the  force,  by  which  the  Moon  may  be  kept  revolving  *k^\<twV*\^«/<^ 

in  its  orbit  about  the  Earth  in  reft  a^  theoiftance  P  T 

of  6o\;  femidiameters  of  the  Earth,  is  to  the  force  by 

which  it  may    be  revolv'd  in  the  fame  time    at  the 

diftance  of  60  femidiameters,  as  6o\  to  60 ;  and  this 

force  is  to  the  force  of  gravity  with  us,  very  nearly  asc%>»c'^iAvu4o  «^ 

I  to  <^o  X  (So.  Therefore  the  mean  force  ML    is  to 

the   force  of  gravity  on  the  furface  of  our  Earth,  as 

I  X  60^  to  60  X  60x60  X  1 7851,  or  as  i  to  (^580^2, 

6.  whence  by  the  proportion  of  the  lines  TM^  MLy 

the  force  TM  is  alfo  given ;    and  thefe  are  the  forces 

with     which  the  Sun   difturbs    the  motions  of  the 

Moon.  Q^E.L 


j^-y/.  VI  ^ 


Proposition  XXVI.  Problem  VII. 

To  find  the  horary  increment  of  the  area^  ^ 
which  the  MooUj  by  a  radius  drawn  to  the 
Earthy  defcribes  in  a  circular  orbit. 

We  have  above  Ihew'd  that  the  area,  which  the  Moon 
defcribes  by  a  radius  drawn  to  the  Earth,  is  proportio-  . 

nal  to  the  timeof  defcription ;  excepting  in(foj5ias)thc  l^^'^^"'*^** 
Moon's  motion  is  difturb'd  by  the  aftion  of  the  Sun. 
And  here  we  propofe  to  inveftigate  the  inequality  of 
the  moment,  or  horary  increment  ofthai^  strea^  or  motion 
fi  dijiurb'd.  To  render  the  calculus  more  eafy,  we  Ihall 
fuppofe  the  orbit  of  the  Moon  to  be  circular,  and  neg;  »u.\)^'^^^^^^ 
Jcft  all  inequalities,  but  that  only  which  is  now  under 
confideration.     And  becaufe  of  the  immenfe  diftance  of 
the  Sun,  we  ftiall  further  fuppofe,  that  the  lines  iSP  and 
ST^  are  parallel.    By  this  means,  the  force  L  M  PU  10. 
Fig^^.  will  be  always  reduc'd  to  its  mean  quantity  T*?, 
as  well  as  the  force  TMj  to  its  mean  quantity  3  PJC      ^ 
3jhdfe  forces,  (by  cor.  2.  of  the  laws  of  motion)  com-   ^^  '' 
pofe  the  force  TLi  and  this  force  by  letting  fall  the  1m- -^{.  -^^ . 
S  4       ^  perpen^ 
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perpendicular  L£  upon  the  radius  TP,  is  r^folv'd  into 

the  forces  TE^  EL;  of  which  rhe  force  T*£,    a6t- 

^  ing  conftantly  in  the  direftion  of  the  radius  T'P,  neither 

'^^'^^^       accelerates  or  retards  the  defcription  of  the  area  TP  C, 

made  by  that  radius  TP ;  but  E  L  aBing  on  the  radius 

TP  in  a  perpendicular  dircftion,  accelerates  or  retards 

Jt#^       the  defiription  of  the  area  in  proportion  as  it  accelerates 

or  retards  the  Moon,   That  acceleration  oTthe  Moon, 

in  its  paffage  from  the  quadrature  C,  to  the  conjunftion 

^,  is  in  every  moment  of  time,  as  tht generating  ^cc6\t^ 

rative  force  £L,  that  is,  as  - — Let  the  time 

,Vc..Ao  -  TP         -- 

Jjf  reprefented  by  the  mean  motion  of  the  Moon,  or 

(which  comes  to  the  fame  thing)  by  the  angle  CT^Py 

\^KKK^    or  even  by  the  arc  CP.  At  right  angles  upon  C  T^  ereft 

r\?v^  ^  ^g  ^q^^l  ^^  ^y-      ^^j  fuppofing  the  quadrantal  arc 

a4C  to  be  divided  into  an  infinite  number  of  equal 
parts  Pp  &c.  thefe  farts  may  reprefent  the  like  infinke 
number  of  the  equal  parts  of  time.  Let  fall />^ per- 
pendicular on  CT;  and  draw  TG  meeting  with  KPy 
\p  produc'd,  in  Fand/;  then  will  FK  be  equal  tp 
TKy  and^^be  to  PJC'as  Pp  to  Tpy  that  is,  in  a 
giv'n  proportion;  and  tberefore  FK x  Kk,i  or  the  area 

X  P  K  X  TK 
FKl^fi  will  be  as  ^ — ~ — ,  that  is   as  £JL;   and 

compounding,  the  whole  area  GCKF  will  be  as  the  fum 
of  all  the  forces  EL  imprefs'd  upon  the  Moon  in  the 
whole  time  CP;  and  therefore  alio  as  the  velocity  ge- 
nerated by  that  fum,  that  is,  as  the  acceleration  of  the 
defcription  of  the  area  CTPy  or  as  the  increment  of 
<\^^  i^V  tbc  moment  thereof.  The  force  by  which  the  Moon 
may  in  its  periodic  time  C^DB  of  zj\  jK  43',  be* 
retained  revolving  about  the  Earth  in  reft  at  the  diftance 
i  j.-.i,^  TP^  would  cauie  a  body,  falling  in  the  time  C7*>to 
defcribelte  length  \  CTj  and  at  the  fame  time  to  ac- 
quire a  velocity  equal  to  that^  with  which  the  Moorl: 

is 
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is  mov*d  in  its  orbit.  This  appears  from  cor,  9.  prop^  4. 
book  I.  But  fince  Kdj  drawn  perpendicular  on  TPj  is 
tnt  a  third  part  o(  E  Lj  and  equal  to  the  half  of  TP,  or 
MLy  in  the  oftants,  the  force  iSL  in  the  odants,  where  JUr^^ 
it  is  greateft,  will  exceed  the  force  ML,  in  the  propor- 
tion of  5  to  1 ;  and  therefore  will  be  to  that  force  by 
which  the  Moon  in  its  periodic  time  may  be  retained 
revolving  about  the  Earth  at  reft,  as  lootof  x  17872!, 
or  1 15)  1 5 ;  and  in  the  time  CT  will  generate  a  ve- 
locity   equal    to  _il?-  parts  of  the  velocity  of  the 

Moon ;  but  in  the  time  CP^,  will  generate  a  greater 
velocity  in  the  proportion  of  Cji  to  CT  or  TP.  Let 
the  greateft  force  £  L  in  the  oftants  be  reprcfented  by 
the  area  FKxKkz   or  by  the  redangle  ^  TPxPp^  . 

which  is  equal  theretp.  And  the  velocity  which  that  *^  ^^^ 
greateft  force  can  generate  in  any  time  CP,  will  be 
to  the  velocity  which  any  other  leflcr  force  EL  can  ^^^^u^^ 
generate  in  the  fame  time,  as  the  reHangle  f  TPxCP 
to  the  area  KC6F;  but  the  velocities  generated  in  the 
whole  time  CP-^,  will  be  one  to  the  other  as  the  rec- 
tangle ^  TPxCA  to  the  triangle  TCGi  or  as  the 
quadrantal  arc  CA  to  the  radius  TP.  And  therefore 
(by  prop.  9.  book  5.  eleip)  the  latter  velocity  gene- 
rated in  the  whole  time,  will  be  ""^  parts  of  the 
velocity  of  the  Moon.  To  this  velocity  of  the 
Moon,  which  is  proportional  to  the  mean  moment 
of  the  area  (fuppofing  this  mean  moment  to  be 
reprefented  by  the  number  119 15)  we  add  and 
fubftraftthehalfof  the  other  velocity;  the  fum  11915 
rl-50,  or  H9(^f  will  reprcfent  the  greateft  moment  of 
the  area  in  the  fyzygy  jii  and  the  difference  iipi  j  , 
— 50,  or  118^5,  the  leaft  moment  thereof  in  the  qua-  j^t  ^'^vc^vv'>• 
dratures.  Therefore  tHe^areas,  which  in  equal  timcs^ 
are  defcribed  in  the  fyzygies  and  quadratures,  are,  one 
to  the  other,  as  il^^^f  to  i\%6^.  And  if  to  the 
leaft  moment  ii8(f/,  we  add  a  moment  which  (hall  be 

to 
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to  ICO,  the  diflPercnce  of  the  two  former  rooments 
the  trapezium-  FKCG  to  the  triangle  TCG,  or 
^^^Ij^^^which  comes  to  the  fame  thing,  as  the  fquarc  of  the 
fine  PKxo  the  fquare  of  the  radius  TPTctEat  is,  as 
P^  to  T  P)  the  fum  will  reprefent  the  moment  of  the 
area,  when  the  Moon  is  in  any  intermediate  place  P. 

But  thefe  things  take  place,  only  in  the  hypothefis 
that  the  Sun  and  the  Earth  are  at  reft>  and  that  the 
fynodical  revolution  of  the  Moon  is  finiftied  in  27^. 
7^.  45'.  But  fince  the  Moon's  fynodical  period  is  really 
zp^,  1 1^.  44',  the  increments  of  the  moments  muft  bein- 
Jarged?v  in  the  fame  proportion  as  the  time  is,  that  is, 
in  the  proportion  of  1080855  to  loooooo.  Upon 
which  account,  the  whole  increment,  which  was 
-^£-  parts  of  the  mean  moment,  will  now  become 
_L^1-  parts  .thereof.     And  therefore  the  moment  of 

1102}  M  ^M\C 

the  area,  in  the  quadrature  of  the  Moon,  will  be  to 
the  moment  thereof  in  the  fyzygy*  as  11023—^0  to 
iio25-|-fo;  or  as  10975  to  11075;  and  to  the  mo- 
ment thereof  when  the  Moon  is  in  any  intermediate 
place  Pi  as  10575  ^^  I05>75^^^^>  that  is,  fuppofing 
TP=ioo. 

The  area  therefore,  which  the  Moon,  by  a  radius 
drawn  to  the  Earth,  defcribes  in  the  feveral  little  equal 
parts  of  time,  is  nearly  as  the  fum  of  the  number  2  (9^.<?t 
and  the  verfed  fine  of  the  double  diftance  of  the  Mooa 
from  the  neareft  quadrature,  confidered  in  a  circle 
which  hath  unity  for  its  radius.  Thus  it  is,  when 
the  variation  in  the  odants  is  in  its  mean  quantity.  But 
if  the  variation  there  is  greater  or  lefs,  that  verfed  fine 
mull  be  augmented  or  diminiflied  in  the  fame  propor- 
tion. 


Pro* 
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Proposition  XXVII.      Problem  VIIL 

From  the  horary  motion  of  the  Moon^  to  find 

its  diftance  from  the  Earth. 

The  area  which  the  Moons  by  a  radius  drawn  to  the 
Earth,  defcribes  in  every  moment  of  time,  is  as  the 
horary  motion  of  the  Moon,  and  the  fquare  of  the  di- 
ftance of  the  Moon  from  the  Earth  conjunftly.  And 
therefore  the  diftance  of  the  Moon  from  the  Earth  is  in 
a  proportion  compounded  of  the  fubduplicate  proporti- 
on of  the  area  diredly,  and  the  fubduplicate  proporti^- 
on  of  the  horary  motion  inverfely.    jO.  £•  /.  ^        , 

CoR.  !♦  Hence^^the  apparent  diameter  of  the  Moon  r^  ' 
is  given.     For  it  is  reciprocally  as  the  diftance  of  the 
Moon  from   the  Earth,     Let  aftronomers  trj;  how  ^^^^^"*^^ 
accurately  this  rule  agrees  with  the  phasnomena.     ^***^^      ^  ^^ 
Cor*  2.  Hence  alio  the  orbit  of  the  Moon  may  be     "^^ ''  ^ 
more  exadly  defin'd  from  the  phenomena    than  hi-  is^^  <*Ji^vk 

therto  could  be  done.  ^ 

^-- —  *J^ 

Proposition  XXVIII.     Problem  IX. 

To  find  the  diameters  of  the  orbits  in  which  1, 
without  eccentricity^  the  Moon  would  move. 

The  curvature  of  the  orbit  which  a  body  defcribes,  if 

attrafted  in  Unes  perpendicular  to  the  orbit,  is  as  the 

t     j  force  of  attraftion  diredly,  and  the  fquare  of  the  vclo- 

^1  city  inverfely.  ^I  eftimate  the  curvatures  of  lines,  com- 

^i  pared  one  with  another,  according  to  the  evanefcent 

I  proportion  of  the  fines  or  tangents  of  their  angles  of 

1  contact  to  e^ual  radij^  fuppofing  thofe  radij  to  be  in« 

'  finitely  diminiftied.  >  But  the  attraftion  of  the  Moon 

tow^ds  the  Earth  in  the  fy^ygi^^  is  the  excefs  of  its 

^^_  .  ^^-.     ^..  ^....    gravity 
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gravity  towards  the  Earth  above  the  force  of  the  Sua 
zPK  (fee  Fig^  prop.  15.)  by  which  force,  the  ac- 
celerative  gravity  of  the  Moon  towards  the  Sun  ex- 
ceeds the  accelerative  gravity  of  the  Earth  towarck 
the  Sun,  or  is  exceeded  by  it.  But  in  the  qua- 
dratures that  attradion  is  the  fum  of  the  gravity 
of  the  Moon  towards  the  Earth,  and  the  Sun's 
force  KTy  by  which  the  Moon  is  attrafted  towards  the 

'  ^Jt<5  E^**^^*  And  thefe  attraaions,putting  N  fox ^ — -'  are 

,       178725         2000       ,  178725    ,       tooo 
nearly  as — 7t=^A-  -= —  and    ^  L    — • 

or  as  17872  J  Nx  Cr*— .2000  ^r»x€r,  and  17872$ 
N  X ^r*  -[- 1000 cr»  X  AT.  For  if  the accderativc 
gravity  of  the  Moon  towards  the  Earth  be  reprefented 
by  the  number  17872  f,  the  mean  force  ML^  which 
in  the  quadratures  is  PJT  or  TKy  and  dra.ws  the  Moon 
towards  the  Earth,  will  be  1000 ;  andTKe  mean  forqe 
TAfy  in  the  fyzygies  will  be  3000;  from  which,  if 
we  fubftraft  the  mean  force  ML»  there  will  remain 
2000,  the  force  by  which  the  Moon  in  the  fyzygies 
is  drawn  from  the  Earth,  and  which  we  above  called 
1  PK.  But  the  velocity  of  the  Moon  iq  the  fyzygies 
-^and5,  is  to  its  velocity  in  the  quadratures  C  and  A 
as  CT  to  AT,  and  the  moment  of  the  area,  which 
the  Moon  by  a  radius  drawn  to  the  Earth  defcribcs  in 
the  fyzygies,  to  the  moment  of  that  area  defcribed  in 
the  quadratures  conjundly;  that  is,  as  11075  Cr  to 
iop7}  AT.  Take  this  ratio  twice  inverfely,  and  the 
former  ratio  once  direAly,  and  the  curvature  of  the  orb 
of  the  Moon  in  the  fyzygies  will  be  to  the  curvature 
thereof  in  the  quadratures,  as  izo^oCji^  x  178725 
AT'xCT^  xN— 1 20405725)  X  2000  ^r^xCr,  to 

122<^II}2pX  178725  ^r»xCr*xN-j-I22(fll52^ 

X 1000  cr^x^r,  that  is,  zs  11^1969  ATxCT^ 
N  — 24081  AT^  to  215)1571  ATxCTx'HX^ 
iZi6iCTK  - 

Becauie 
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Becaufe  the  figure  of  the  Moon's  orbit  isffliknoyn.  Ice  ^  e*^***"**^* 
us,  in  its^ftea^,airumethe  cllipfe  DBCjiyPL  10.  Fig.  %.  ^^^sj^^^a^jl 
ia  the  cenSc  of  which  we  fuppofe  the  Earth  to  be  fi- 
tuated,  and  the  greater  axe  ^r  to  He  between  the  qua-  AiTaV* 
dratures,  as  the  kffer  jiB  between  IHe  fyzygies.     But 
fince  the  plane  of  this  ellipfe  is  revolved  about  the  Earth 
by  an  angular  motion,  and  the  orbit,  whofe  curvature 
we  now  examine  (hould  be  defcribed  in  a  plane  (void  ^^^^iU, 
of>fuch:  motion;  we  are  to  confidcrthe  figure  whichtKc 
l!loon>  while  it  is  revolved  in  that  ellipfe,  defcribes  in 
this  plane,  that  is  to  fay  the  figure  Cpa^  the  feveral 
points  p  of  which  are  found  by  aflfuming  any  point  P 
m  the  ellipfe,  which  may  reprefent  the  place  of  the 
Moon,    and  drawing  Tp  equal  to  TP^  in  fuch  manner' 
that  the  angle  PTp  may  be  equal  to  the  apparent  mo- 
tion of  the  Sun  from  the  time  of  the  laft  quadrature 
in  C;  or  (which  comes  to  the  fame  thing)  that  the 
angle  CTp  may  be  to  the  angle  CTP^  as  the  time  of 
the  fynodic  revolution  of  the  Moon  to  the  time  of  the 
periodic  revolution  thereof,  or  as  29*^.  li^.  44',  to 
17^.  7**,  4}'.      If  therefore  in   this    proportion  we 
take  the  angle  CTa  to  the  right  angle  CTji,  and 
make  Ta  of  equal  length  with  Tji;  we  (hall  have  a 
the  lower,  and  C  the  upper  apfis  of  this  orbit*  But  by 
computation  I  find,  that  the  difference   betwixt  the 
curvature  of  this  qrbit  Cpa  at  the  vertex  4,  and  the 
curvature  of  a  circle  defcribed  about  the  centre  7*,  with 
the  interval  T-rf,  is  to  the  diffd'ence  betwixt  the  cur- 
vature of  the  ellipfe  at  the  vertex  ^,  and  the  curva- 
ture of  the  fame  circle,  in  the  duplicate  proportion  of 
the  angle  CTP  to  the  angle  CTp;    and  that  the  cur- 
vature of  the  ellipfe  in  ^,  is  to  the  curvature  of  that 
circle,  in  the  duplicate  proporticwi  of  Tji  to  TC;  and 
the  curvature  of  that  circle  to   the  curvature   of  a 
circle  defcribed  about  the  centre  T  with  the  interval 
rc,  as^  TC  to  T^;  but  that  the  curvature  of  this  U[{ 
mh  is  to  the  cu(;vature  of  the  ellipfe  in  C,  in  the  du- 
plicate 
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plicate  proportion  of  TA  to  TCi  and  that  the  differ- 
ence betwixt  the  curvature  of  the  ellipfe  in  the  vertex 
C,  and  the  curvature  of  this  laft  circle,  is  to  the  dif- 
ference betwixt  the  curvature  of  the  figure  Tp  Uy  at 
the  vertex  C,  and  the  curvature  of  this  fame  lafi  cir- 
cle, in  the  duplicate  proportion  of  the  angle  CTp  to 
the  angle  CTP.  All  which  proportions  are  cafily 
drawn  from  the  fines  of  the  angles  of  contaft,  and  of 
the  differences  of  thofe  angles.  But  by  comparing 
thofe  proportions  together,  we  find  the  curvature  of 
the  figure  Cpa  at  4,  to  be  to  its  curvature  at  C,  as 
ATKx^U44^CT^  ^T  to  CT^J^^^W?^AT^ 
t\ic  *eA.  X  Cr.  Where  the  number  t^^s^  reprefents  the  dif- 
"^  ference  of  the  fquares  of  the  angles  GTP  and  CTfi 

applied  to  the  iquare  of  the  Icffer  angle  C7*P;  or 
(which  is  all  one)  the  difference  of  the  fquares  of  the 
times  27^.  jK  45'j  and  29^.  12^.  44'.  applied  to  the 
fquare  of  the  time  27^.  7^.  43'- 
u  i^  f^AAjL  Since  therefore  a  reprefents  the  fyzygy  of  the  Mooh, 
^  and  C  its  quadrature,  the  proportion  now  found  muft 

be  the  fame  with  that  proportion  of  the  curvature  of 
the  Moon's  orb  in  the  fyzygies,  to  the  curvature  therc:^ 
,U  ti^^^     i)f  in  the  quadratures,  which  we  found  above.     TKere*^ 
fore,  in  order  to  find  the  proportion  of  CTio  ATy 
Let  us  multiply  the  extremes  arrf  the  means,  and  the 
terms  which  come  out  applied  to  ATxCT,  become 
2o6'2,7P  cr^-  — 215195^  NxCr^  -|-568(^7(^N 
X  AT  X  CT*  -h  3<^542.  AT*  x  CT*  -^  3(^1047  N  x 
AT*  X  cr-l- 215)1571  Nx^r5-|-405i,4^r* 
=0.     Now  if  for  the  half  fum  N  of  the  terms  AT 
^  ^   ^^   .,<^and   CT  we  put   i,  and  at  for  their  half  difference, 
^  ' '"  '      then  CT  will  be=  l  -|- a;,  and  AT=  i—x.     And  fub- 
(,,  s..  lA      flituting  thofe  values  in  the  equation,  after  refolving 
r  ^lu      thereof,  we  (hall  find  Ar=±o,oo7ip;  and  from  thence 
"^^  '  the  femidiamet^r  Cr=  1,00719,  and  the  femidiameter 

^7=0,99281,  which  numbers  are  nearly  as  70^ 
and  69^,    Therefore  the  Moon's  diftance  from  the 
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Earth  in  the  fyzygies,  is  to  its  diftance  in  the  qua- 
dratures rfgttipg  afide/the  confideration  of  eccentricity)  ju^^  su  t^^- 
as  <^9,'V  to  70,'-^;  or  in  round  numbers  as  (fp  to  70. 

Proposition  XXIX.     Problem  X- 
To  find  the  variation  of  the  Moon. 

This  inequality  is  owing  partly  to  the  elliptic  figure  of  hlkkm. 
the  Moon's  orbit,  partly  to  the  inequality  of  the  moments, 
of  the  area  which  the  Moon  by  a  radius  drawn  to  the 
Earth  defcribes.     If  the  Moon  ?  revolved  in  the  el- 
lipfe  DBCA^  about  the  Earth  quiefcent  in  the  centre    ^v.»!J^ 
of  the  ellipfe,   and  by  the  radius  TPy  drawn  to  the 
Earth,  defcribed  the  area  CTP^  proportional  to  the 
time  of  defcription;  and  the  greateft  femidiameter  CTo£ 
the  ellipfe  was  to  the  leaft  TA  as  70  to  6^  >  the  tan- 
gent of  the  angle  CTP  would   be  to  the  tangent  of 
the  angle  of  the  mean  motion  computed  from  the  qua- 
drature C,  as  the  femidiameter  TA  of  the  ellipfe,  to 
its  femidiameter  TC,  or  as  6^  to  70,     But  the  de- 
fcription  of  the  area  CTP,  as  the  Moon  advances  from 
the  quadrature  to  the  fyzygy,  ought  to  be  in  fuch  >v^*'^-'^^^^ 
manner  accelerated,  that  the  moment  of  the  area  in  the 
Moon's  Ifyzygyj  may  be  to  the  moment  thereof  in  its   M  ^^ 
quadrature,  as  11 073  to  10^75;    ^"^  ^^^^  the  excefs 
of  the  moment  in  any  intermediate  place  P,  above  the 
moment  in  the  quadrature,  ma)r  be  as  the  fquare  of  the    ^ 
fine  of  the  angle  CTP.    Which  we  may  eflPed  with    ^^  ^';"'  ^^ 
accuracy  enough,  if  wChdiminfili  the  tangent  of  the  -^^  K'ci: 
angle  CT?,  inlhc  fubdupticate' proportion  of  the  num- 
ber 10973  to  the  number  1107^,  that  is,  in  propor- 
tion of  the  number  (f  8,(^877  to  the  number  6^.     Up-       .       /^ 
on  which  account  the  tangent  of  the  angle  CTPy  will  >*"'-' 
now  be  tolthTfangent  of  the  mean  motion,  as  6S,6Syj 
to  70 }  and  the  angle  CTP,  in  the  oftants,  where  the    I  -y  „W 

mean 
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cnean  motion  1545°,  will  be  found  44°.  27'.  28".  which 
fubftraded  from  45<',  the  angle  of  the  mean  motion, 

y.t/vwlVv.  leave?  the  greateft  variation  32'.  51",  Thus  it  would 
be,  if  the  Moon  in  paffing  from  the  quadrature  to  the 
fyzygy,  defcribed  an  angle  CTA  of  po  degrees  only. 
But  becaufe  of  the  motion  of  the  Earth,  by  which 
the  Sun  is  apparently  transferr'd  in  confequentht^  the 
IWoon,  before  it  overtakes  the  Sun^  delcribes  an  angle 
CTay  greater  than  a  rFght  angle,  in  the  proportion  of 
the  time  of  the  fynodic  revolution  of  the  Moon,  to 
the  time  of  its  periodic  revolution!  that  is,  in  the  pro- 
.    ,    portion  of  29^.  12^.  44'.  to  ij\  7^.  45'.     Whence 

;  i  ii^\^i^^^^^" \i  comes  to  pafs,  that  all  the  angles  about  the  centre  Ty 
are  dilated  in  the  fame  proportion,  and  the  greateft  va- 
riation, which  otherwife  would  be  bm  32'.  32",  now 
augmented  in  the  faid  proportion  becomes  35'.  10". 
And  this  is  its  magnitude  in  the  mean  diftance  of  the 
^^  ^^  Sun  from  the  Earth,  n^<?<^ng  the  differences,  which 

^j|T,  t,vKn    ^^^  ^^j^  ^^^^  ^^^  curvature  of  iht  orbis  magnHSy  and 

,' ''V    ^he  ffrofiger  aftion  of  the  Sun  upon  the  Moon  when 

»  f  ^  *      horn*d  and  new,  than  when  gibbous  and  full.     In  other 

'  '  '        diftances,  of  the  Sun  from  the  Earth,  the  greateft  va* 

riation  is  in  a  proportion  compounded  of  the  duplicate 

proportion  of  the  time  of  the  fynodic  revolution  of  the 

Moon  (the  time  of  the  year  being  given)  direftly,  and 

the  triplicate  proportion  of  the  diftance  of  the  Sun  from 

the  Earth,  inverfely.    And  therefore,  in  the  apogee  of 

the  Sun,  the  greateft  variation  is  55'.  14',  and  in  its 

perigee,  37'.  11",  if  the  eccentricity  of  the  Sun  is  to 

the  tranfverfe  fcmidiameter  of  the  orbis  magnnsy  as  i(? 

fj-  to  1 000.  / 

\^A  ^»/ ^-  Hithmo  we  have  ii)iveftigated  the  variation  in  an 

orB  not  eccentric,    in  which,  to  wit,  the  Moon  in  Its 

oftants  is   always  in  its  mean  diftance  from  the  Earth. 

>      .ju.    If  ^be  Moon,  on  account  of  its  eccentricity,  is  more 

■ '    '  or  lefs  removed  from  the  Earth,  than  if  placed  in  this 

orb,  the  variation  may  be  fomething  greater,  or  fome- 

thing 


Digitized  byVjOOQlC 


Digitized 


by  Google 


Digitized  byVjOC  QiQ 


I.        of  Natural  Thilofophyl  17^ 

s,  than  according  to  this  rule.    But  I  leave  the  ^ 
T   dcfeft  to  the  determination  of  aftroHoincrs 
le  phenomena. 

oposiTioN  XXX.     Problem  XI. 

^nd  the  horary  motion  of  the  nodes  of  the 
Moon  in  a  circular  orbits  PI.  11.  Fig.  i. 

^et  S  reprcfent  the  Sun,  T  the  Earth,  P  the  Moon^ 
Pn  the  orbit  of  the  Moon,  Nfn  the  orthographic 
Djeftion  of  the  orbit  upon  the  plane  of  the  ecliptic; 
\  n  the  nodes;  nTNm^  the  line  of  the  nodes  produ- 
ce! indefinitely ;  P/,  PX"  perpendiculars  upon  the  lines 
JT,  Qji ;  Pp  a  perpendicular  upon  the  plane  of  the 
ecliptic  5  jfy  B  the  Moon's  fyzygies  in  the  plane  of 
the  ecliptic;    >^-Z^  a  perpendicular  let  fall  upon  /V», 
the  line  of  the  nodes ;   jO,  f  the  quadratures  of  the 
Moon  in  the  plane  of  the  echptic,  and^iST,  a  perpen- 
dicular on  the  line  Q^^  Jyi^g  ^twccn  the  quadratures*  »/. 
The  force  of  the  Sun  to  difturb  the  motion  of  the 
Moon  (by  prop,  if.)  is  twofold,  one  proportional  to   ^^*"'«'^ 
the  line  LMy  tne  other  to  the  line  AIT9  in  thefchcme 
of  that  propofition.     And  the  Moon  by  the  former  ?  -*- 
force  is  drawn  towards  the  Earth,  by  the  latter  to- 
wards the  Sun,  in  a  diredion  parallel  to  the  right  line 
57"  joining  the  Earth  and  the  Sun.     The  former  force 
LAf  afts  in  the  direftion  of  the  plane  of  the  Moon's 
orbit,  and  therefore  makes  no  change  upon  the  fituation  '  ^'     ' 
thereof,  and  is  upoiTthat  account  to  be  negleded.    <  '•• ' 
The  latter  force  MT,  by  whfcirtHe  plane  of  the  Moon's 
orbit  is  difturbed,  is  the  fame  with  the  force  3  P^or 
^  IT.    And  this  force  (b)^  prop.  25.;  is  to  the  force, 
by  which  the  Moon  may,  in  its  periodic  time,  be  uni- 
formly revolved  in  a  circle  about  the  Earth  at  reft,  as 
5  IT  to  the  radius  of  the  circle  multiplied  by  the 
Vol.  IL  T  number 
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number  178,715,  or  as  JT  to  the  radius  thereof  mul- 
tiplied by  55)j575.  But  in  this  calculus,  and  all  thac 
follows  I  confider  all  the  lines  drawn  from  the  Moon 
to  the  Sun,  as  parallel  to  the  line  which  joins  the 
Earth  and  the  Sun,  becaufe  what  inclination  there  is, 
almofl:  as  much  diminiAies  all  effeds  in  fome  cafes,  as 
it  augments  them  in  others,  and  we  are  now  enquiring 
after  the  mean  motions  of  the  nodes,  negleding  fuch 
niceties  as  are  of  no  moment,  and  would  only  fervc 
to  fender  the  calculus  more  perplext. 

Now  fuppofe  PM  to  reprefent  an  arc  which  the 
Moon  defcribes  in  the  leaft  moment  of  time,  and  ML 
a  little  line,  the  half  of  which  the  Moon,  by  the  im- 
pulfe  of  the  faid  force  3  77*,  would  defcribe^in  the 
fame  time.  And  joining  P  L^  MPj  let  them  be  pro- 
duced to  m  and  /,  where  they  cut  the  plane  oi  the 
ecliptic,  and  upon  Tm  let  fall  the  perpendicular  PH. 
Now  fince  the  right  line  ML  is  parallel  to  the  plane 
of  the  ecliptic,  and  therefore  can  never  meet  with  the 
right  line  ml  which  lies  in  that  plane>  and  yet 
'both  thofe  right  lines  Jjeln  one  common  plane  LM 
Pmly  they  wiU  be  parSlel,  and  upon  that  account  the 
triangles  LMP^^lmP  will  be  fimflar.  Anf Teeing 
MPmlies  in  the  plane  of  the  orbit,  in  which  the  Moon 
fJid^move  while  in  the  place  P;  the  point  m  will  fall 
upon  the  line  i\r»,  which  pafles  'through  the  nodes 
JVi  »,  of  that  orbit.  And  becaufe  the  force  by  which 
^he  half  of  the  little  line  L  M  is  generated,  if  the 
whoIeTiad  been  together,  and  at  once  impreffed  in  the 
point  Py  would  have  generated  that  whole  line,  and 
caufed  the  Moon  to  move  in  the  arc  whofe  chord  is 
LP',  that  is  to  fay,  would  have  transferreiJ the  Moon 
from  the  plane  MPmT  into  the  plane  LP  IT;  there- 
fore the  angular  motion  of  the  nodes  generated  by  that 
force,  will  be  equal  to  the  angle  mTL  But  ml  is 
to  mPy  as  ML  to  MP;  and  fince  MP,  becaufe  of 
the  time  given^  is  alfo  given,  mt  will  be  as  the  rec- 
tangle 
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tangle  AtLxmB^  that  is,  as  the  reftangle  ITxmP. 
And,  if  T*ml  is  a  right  angle,  the  angle  mTl  will  be 

as  -=—  and  therefore  as  — — that  is,  (beaufe 

Tm  Tm      , 

Tm   and   i»?,    TP   and   JP/f  are   proportional)    as 

ITx  P  H 

— -7— — ;   and   therefore,    becaufe  TP  is  given,  as 

ITx  P  H.  But  if  the  angle  Tm  I  or  STN  is  oblique, 
the  angle  mTl  will  be  yet  lefs,  in  proportion  of  the 
fine  of  the  angle  STN  to  the  radius,  or  AZ  to  AT 
And  therefore  the  velocity  of  the  nodes,  is  as  ITx 
PHxAZ^  or  as  the  folid  content  of  the  fines  of  the 
three  angles,  TPU  PTN,  and  STN. 

If  thefe  are  right  angles,  as  happens  when  the  nodes  a<*^U*^ 
are  in  the  quadratures,  and  the  Moon  in  the  fyzygy, 
the  little  line  m  I  will  be  removed  to  an  infinite  di- 
fiance,  and  the  an^le  mTl  will  become  equal  to  the 
angle  mPU    But  m  this  cafe  the  angle  mPl  is  to  the 
angle  PTMy  which  the  Moon  in  the  fame  time  by 
its  apparent  motion  defcribes  about  the  Earth,  as  i  to 
55)3575*     For  the  angle  mPl  is  equal  to  the  angle 
LP  My  that  is,  to  the  angle  of  the  Moon's  deflexion  U\^\c^(^ 
from  a  reftilinearj^ath,  which  angle,  if  the  cravity  of    ..tu^  ** 
the  Moon  fhould  have  then  ceafed,  the  faid  force  of 
the  Sun  ^IT  would  by  it  felf  h^ve  generated  in  that 
given  time;  and  the  zxi^tPTM  is  ecjual  to  the  angle 
of  the  Moon's  deflexion  from  a  re&ilinearpath,  which 
angle,  if  the  force  of  the  Sun  x  IT  fliould  have  then 
ccafed,  the  force  alone  by  which  the  Moon  is  retained  J'"  *^ 
in  its  orbit  would"Lave  generated  in  the  fame  time.  And 
thefe  forces  (as  we  have  above  flicw'd)  arc,  the  one  to 
the  other,  as  i  to  59>f  75.    Since  therefore,  the  mean 
horary  motion  of  the  Moon  (in  refpeft  of  the  fixt 
Stars)   is  ji',  56".  z/".  12^^^^  the  horary  motion 
of  the  node  hrthis  cafe  will  be  J5".  10'".  35*^  iz^* 
But  in  other  cafes,  the  horary  motion  will  be  to  xx". 
-    -    ■  T  1  ^  xo'"- 
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Io"^  5}*^.  iz^  as  the  foHd  content  of  the  fines  of 
/  S.^  the  thific  angles  TP I^  PTN  and  STN  (or  of  rhe 
f  '  *^  diftances  of  the  Moon  from  the  quadrature,  oF  the 

Moon  from  the  node,  and  of  the  node  from  the  Sun^ 
X      to  the/:ube  of  the  radius.     And  as  often  as  the  fine  €>€ 
iUMXAUft^^^^y  angle  is  changed  from  pofitive  to  negative,  and 
from  negative  to  pofitive,  fo  often  muft  the  regrelli  ve 
be  changed  into  a  progreffive,  and  the  progreflive  into 
a  regremve  motion*     Whence  it  comes  to  pals,  tbar 
the  nodes  are  progreflive,  as  often  as  the  Moon  hap- 
^uc  ij  v^^*— pens  to  be  placed  between  cither  quadrature,  and  ine 
node  ncareft  to  that  quadrature.     In  other  cafes,  they 
.  are  regrcffivc,  and  by  the  excefs  of  the  regrefs  above 

^^*         the  progrefs>    they  are  monthly  transferred  in  antccc 

C#R.  1.  Hence  if  from  P  and  A/,   the  extreme 
v,\\s^u»^     points  of  a  leaft  arc  PM,  PL  11.  Ft£.  2.  on  the  line 
4Q^q  joining  the  quadratures  we  let  fall  the  perpendi- 
(      \         culars  PKi  Aik^  and  produce  the  fame  till  they  cut 
*  *^^  *       the  line  of  the  nodes  Nn^  in  D  and  lifTthe  horary 
motion  of  the  nodes  will  be  as  the  area  MPDdy  and 
the  fquare  of  the  tine  jiZ  conjunftly.    For  let  PK^ 
-^  ;JL^       PH  and  AZ  be  the  tfc^  faid  fines,  viz..  PK  the 
fine  of  the  diftance  of  rhe^oon  from  the  quadrature, 
PH  the  fine  of  the  diftance  of  the  Moon  from  the 
node*   and    j1  Z  the   fine   of  the  diftance  of  the 
node  from  the  Sun :    and  the  velocity  of  the  node 
will  be  as  the  folid  content  of  PKxPHxJZ.    Bu? 
Pr  is  to  PJSr,  zs  PM  to  Kk^  and  therefore,  be- 
caufe  Pr  and  PM  are  given,  Kl^  will  be  as  PK. 
Likewife  AT  i%  to  PB,  as  AZ  to  PH,  and  there- 
fore PHis^  the  redangle  PDxAZ,  and  by  com- 
pounding thofe  proportions,  PKxPHis  as  the  folid 
comcnt  Kkj<PDxAZ,  and  PKxPHxAZ^  as^it 
,     xPDxAZ*.  that  is,  as  the  trca  PDdM  and  AZ^ 
fonjunaiy.  Q.  E.  V. 
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Cor.  2r.  In  any  given  pofition  of  the  nodes,  their 
mean  horary  motion  is   half  their  horary  motion  in 
the  Moon"$  fyzygiesj  and  therefore  is  to  i6'\  35"*. 
1 5^^.  3<^^,  as  the  fquare  of  the  fine  of  the  diftance  of 
the  nodes  from  the  fyzygies  to  the  fquare  of  the  radius, 
or  as   -^^*,   to  AT^.    For  if  the   Moon,  by  an 
uniform  motion  defcribes  the  femi circle  QAq^  the 
fum  of  all  the  areas  PDdM  during  the  time  of  the 
Moon's  paffage  from  O^  to  M^  will  make  up  the  area 
O^MdE,  terminating  at  the  tangent  0£  of  the  circle. 
And  by  the  time  that  the  Moon  has  arrived  at  the  . 
point »,  that  fum  willfna^cupUhe  whole  ^rcz E QAni^^^^^ 
defcribed  by  the  line  PP;    but  when  the  Moon  pro^  >vruHv*o>^ 
ceeds  from  n  to  q^  the  line  PD  will  fall  without  the  '^..vxJI 
circli^  and  will  defcribe  the  area  »^r,  terminating  at 
the  tangent  ^f  of  the  circle;  which  area,  becaufe  the 
nodes  were  before  regreffive,  but  are  now  progreffive,        -i*/  « 
muft  be  (ubduded  from  the  former  area,  and  being  ic  "^  ^  ^,  *  \, " 
vuifeif  equalTo  the  area  Q^EN^  will  leave  the  femicircle  ^uaV  \ 
KQ^n.     While  therefore  the  Moon  defcribes  a  fc*  ^ivVu^t 
micircle,  thelunTof  all  the  areas  PDdM  will  be  the 
area  of  that  femicircle;   and  while  the  Moon  defcribes 
a  complete  circle,  the  fum  of  thofe  areas  will  be  the 
area  of  the  whole  circle.    But  the  area  PDdMj  when 
the  Moon  is  in  the  fyzygies  is  the  reftangle  of  the 
arc  PM  into  the  radius  PT;     and  the  fum  of  all  the 
areas,  every  one  equal  to  this  area,  in  the  time  that  the 
Moon  defcribes  a  complete  circle  is  the  reftangle  of 
the  whole  circumference  into  the  radius  of  the  circle; 
and  this  reftangle,  being  double  the  area  of  the  circle, 
will  be  double  the  quantity  of  the  former  fum.     If 
therefore  the  nodes  weijt'lon  with  that  velocity  uniform- 
ly continued,  whiclTthey  acquire  in  the  Moon*s  fyzy* 
gies,  they  would  defcribe  a  fpace  double  of  that  which 
they  defcribe  in  faft;  and  therefore  the  mean  motion,  f<^l^^" 
by  which,  if  uniformly  continued,  they  would  defcribe 
the  fame  fpace  with  that  which  they  do  in  faft  defcribe 
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by  an  unequal  motion^  is  but  one  half  of  that  motion 
which  they  are  poffeflcd,  of  in  the  Moon's  fyzygies. 
Wherefore  fince  tlieirgreateft  horary  motion,  if  the 
nodes  are  in  the  quadratures,  is  5?".  10'".  35^^.  12^, 
their  mean  horary  motion  in  this  cafe  will  be  i6'\ 
5f'".  i(J'^  5(J^  And  feeing  the  horary  motion  of 
the  nodes  is  every  where  as  j4Z*  and  the  area 
PPdM  conjundly,  and  therefore  in  the  Moon's 
iyzygiesj  the  horary  motion  of  the  nodes  is  as  jiZ* 
and  the  area  PDdM  conjundly,  that  is,  (be- 
caufe  the  area  PDdM  defcribed  in  the  fyzygies  is 
given)  as  jiZ^i  therefore  the  mean  motion  alfo 
will  be  as  jiZ^y  and  therefore  when  the  nodes  are 
without  the  quadratures,  this  motion  will  be.  to  16" • 
55'".  i(Ji^  35\  as  -^Z*  loAT^.  Q.  E.  D. 

Proposition  XX XL     Problem  XII. 

To  find  the  horary  motion  of  the  nodes  of  the 

Moan  in  an  elliptic  orbits  PI.  12.  Fig.  i. 

Let  Qjmaq  reprefent  an  ellipfe,  defcribed  with  the 
greater  axe  Q^q^  and  the  lefler  axe  abi  Q^iqB  a  cir- 
cle circumfcribed ;  7"  the  Earth  in  the  common  centre 
of  both;  iS  the  Sun;  />  the  Moon  moving  in  this 
^llipfe;  and  pm  2n  arc  which  it  dcfcribesin  the  leaft 
moment  of  time;  iNTand  n  the  nodes  joined  by  the 
line  Nn;  pK  and  mk  perpendiculars  upon  the  axe 
'  ^^*  produced  both  ways  till  they  meet  the  circle 
in  P  and  M,  and  the  Tine  of  the  nodes  in  D  and  d^ 
And  if  the  Moon,  by  a  radius  drawn  to  the  Earth* 
defcribes  an  area  proportional  to  the  time  of  defiriptian^ 
the  horary  motion  of  the  node  in  the  ellipfe  will  be  as 
the  area  pDdm,  and  u4Z*  conjundly. 

For  let  P  F  touch  the  circle  in  P,  and  produced  meet 
TJ^inF;  and  ^f  touch  the  ellipfe  in  ^,  and  produ- 
ced meet  the  fame  TNinf,  and  both  i;angents  concur 
I  in 
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in  this  axe  TO^  at  T.    And  let  ML  reprefent  the  fpace 
which  the  Moon,  by  the  impulfe  of  the  abovementio** 
ned  force  5  JT  or  5  PX,  would  defcribe  with  a  tranf* 
verfe  motion,  in  the  mean  time  while,  revolving  ia  v  v- 
the  circle  it  defcribes  the  arc  P  MTindiml  denote  the 
fpace,  which -the  Moon  revolving  in  the  ellipfe  would 
aefcribe  in  the  fame  time  by  the  impulfe  of  the  fame 
force  I  IT  or  ^PK;    and  let  LP  and  Ip  be  produ- 
ced till  they  meet  the  plane  of  the  ecliptic  in  G  and 
£9  and  FG  and  f^  be  joined,  of  which  FG  produced 
may  cut  pfi  p^,  and  TQ^  in  c,  e  and  R  refpe(^ively ; 
ana /f  produced  may  cut  TO^  in  r,   Becauie  the  force 
^  IT  or  zPK  in  the  circle,  is  to  the  force  5  IT  or 
^pKit)  the  ellipfcji  as  PK  to  pK>  or  as  JT  to  mT; 
tne*fpace  ML,  generated  by  the  former  force,  will  h^ 
to  the  fpace  ml  generated  by  the  latter,  as  PiT  10 pKj 
that  is,  bccaufe  of  the  fimilar  figures  PTKp^    and 
FTRcy  as   FR  to  cR.     But  (becaufe  of  the  fimilar 
triangles  PL  My   PGF)  ML  is  to  JFG,  as  PZ.  co 
P  (7,  that  is  (on  account  of  the  parallels  Lk^PK,  GR)  1 
as/>/  to  ^r,  that  is,  (becaufe  of  the  fimilar  triangles  ^/«;, 
cpe)  as  Im  to  ce;  and  inverfely  zs  LM  is  to  Im,  or 
as  P*^  is  toe  if,  fo  is  FG  to  ce.     And  therefore  if 
fg  was  to  ccj  as/y  to  cT^  that  is  as  fr  to  cR,  (that 
is  as  fr  to  FR  and  FR  to  cR  conjunftly,  that  is, 
as  fT  to  FTy  and   FG  to  ce  conjunftly)  becaufe 
the  ratio  of  FG  to  ce^  cxpung'd  on  both  fides,  leaves 
the    ratios  fg  to  FG  'and  fT  to  PT,    fg  would  ^' 
be  to  FGy  as  fT  to  FT;   and   therefore  the  angles 
which'  FG    and  fg  would  fubtend   at  the  Earth  T 
would  be  equal  each  to  other.     But  thefe  angles,  (by 
what  we  have  fhew*d  in  the  preceding  propofition)  are 
the  motions  of  the  nodes,  while  the  Moon  defcribes, 
in  the  circle  the  arc  PM^  in  the  ellipfe  the  arc  fmt 
And  therefore  the  motions  of  the  nodes  in  the  circle, 
and  in  the  ellipfe,  would  be  equal  to  each  other.  Thus 
I  fay  it  would  be  \(fg  was  to  ce,  as  fT  to  cT^]  that 

T  4  ^^ 
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is,  if /^  was  equal  to  — —      But  becaufe  of  the  fi- 

xnilar  triangles /g;/>,  cepyfg  is  to   cr  as  fp  to  cf; 

and  therefore /x  is  equal  to   — ^-    and  therefore  the 
^^       ^         ^     cp    s 

t  i  1  ^"§^^  which /f   fubtends  in   igft,  is  to  the  former 

"^^•"^"^  angle  which  FG  fubtends,  that  is  to  fay,  the  motion 

of  the  nodes  in  the  ellipfe  is  to  the  motion  of  the  fame 

'  in  the  circle,  as  this/^  or ^^-^,  to  the  former/^ 

ce  xfT 
or :^y  that  is  ^s  fp  ^c  TtofTx  cp,  or  zsfp  to 

C  JL 

fTj  and  c  Tto  cp,  that  is,  if />^  parallel  to  TNtncctFP 
in  hy  SiS  Fh  to  /Tand  jpr  to  FP ;  that  is,  as  Fh  to 
FP  or  Dp  to  DP,  and  therefore  as  the  area  Dpmdto 
the  area  DP  Md.  And  therefore  feeing  (by  corol.  i. 
>v\^\vv^  prop.  30.)  the  latter  irea  and  AZ^  conjundly  are 
proportional  to  the  horary  motion  of  the  nodes  in  the 
circle,  the  former  area  and  AZ^  conjunftly  will  be  pro- 

{)ortional  to  the  horary  motion  of  the  nodes  in  the  el* 
ipfe.  Q.ED. 
Cor.  ^,iaC5  therefore  in  an)'  given  pofition  of  the 
^  nodes,  the  fum   of  all  the  areas /^D^iw,  in  the  time 

while  the  Moon  is  carried  from  the  quadrature  to  any 
place  w,  is  the  area  mp  OEd  terminated  at  the  tangent 
of  the  ellipfe  QE  \  and  the  fum  of  all  thofe  areas,  in  one 
entire  revolution,  is  the  area  of  the  whole  e  lipfe  :  the 
mean  motion  of  the  nodes  in  the  ellipfe  will  be  to  the 
mean  motion  of  the  nodes  in  the  circle,as  the  ellipfe  to  the 
circle;  that  is,  as  Ta  to TAox  6^  to  70.  And  therefore 
fince  (by  corol.  2.  prop,  jo.j  the  mean  horary  morion  of 
the  nodes  in  the  circle  is  to  16".  55"'.  i(J^^  5 6 v.  z%  AZ^ 
to  AT^y  if  we  take  theangle  \6\  21".  j*^  30^.  to  the 
angle  \6\  ^f'".  i(J^\  36^^  as  69  to  70,  the  mean  horary 
motion  oft  he  nodes  in  the  ellipfe  will  be  to  16".  2i'".J3»v. 

3  o^'.  as  ^Z  ^  to  AT'^  i  that  is,  as  the  fquare  of  the  fine  of 
thediflaiice  ofthe  node  from  the  Sun  to  the  fquare  of  the 
radius.  ~  But 
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But  the  Moon,  by  a  radius  drawn  to  the  Earth,  de* 
fcribes  the  area  in  the  fyzygics  with  a  greater  velocity 
than  it  does  that  in  the  quadratures,  and  upon  that  ac- 
count the  time  is  contraded  in  the  fyzygies^  and  pro- 
longed in  the  quadratures ;  and  together  with  the  time 
the  motion  of  the  nodes  is  likewife  augmented  or  di- 
minifli'd.  But  the  moment  of  the  area  in  the  quadra- 
ture of  the  Moon,  was  to  the  moment  thereof  in  the 
fyzygies  as  10P75  to  11073;  and  therefore  the  mean 
moment  in  the  odants  is  to  the  excefs  in   the  fyzy- 

S'es,  and  to  the  defed  in  the  quadratures,  as  11923, 
e  half  fum  of  thofe  numbers,  to  their  half  difference 
50.  Wherefore  fince  the  time  of  the  Moon's  moraUa 
the  feveral  little  equal  parts  of  its  orbit,  is  reciprocally 
as  its  velocity  ;  the  mean  time  in  the  o&ants  will  be 
to  the  excefs  of  the  time  in  the  quadratures,  and   to  , 

the  defe<5l  of  the  time  in  the  fyzygies,  arifing  from  this  n  t^  ***i  - 
caufe,  nearly  as  1102,3  ^^  5^*     ^^^  ^^^^PQ^Pg  '^^om  tjuXeuU^^ 
the  quadratures  to  the  fyzygies,   I  firid^  tRat  the  ex- 
cefs of  the  moments  of  the  area,  in  the  feveral  places, 
above  the  leaft  moment  in  the  quadratures,  is  nearly  as    /  ,^  Wv 
tEe^fquare  of  the  fine  of  the  Moon's  diftancefrorii  the 
quadratures;  and  therefore  the  difference  betwixt  the 
moihent  in  any  place,    and  the  mean  moment  in  the 
oSants*  is  as  the  difference  betwixt  the  fquare  of  the 
fine  of  the  Moon's  diftance  from  the  quadratures,  and 
the  fquare  of  the  fine  of  45  degrees,  or  half  the  fquare  i<^>^ 
of  the  radius;  and  the  increment  of  themiie  in  the  fe- 
veral places  between  the  oAants  and  quadratures,  and 
the  decrement  thereof  between  the  oftants  and  fyzy- 
gies is  in  the  fame  proportion.     But  the  motion  of  the 
nodes  while  the  Moon  defcribes  the  feveral  little  equal 
parts  of  its  orbit,  is  accelerated  or  retarded  in  the  dupli- 
cate proportion  of  the  time.     For  that  motion  while 
the   Moon  defcribes    PM9  is  (c<eterisparilws)^s  ML^ 
and  ML  is  in  the  duplicate  proportion  of  the  time. 
Wherefore  the  motion  of  the  nodes   in  the  fyzygies. 
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in  the  time  while  the  Moon  defcribes  giv'n  little  parts 
of  its  orbit,  is  diminifti'd  in  the  duplicate  proportion  of 
the  number  1107}  to  the  number  11023  ;  and  the  de- 
crement is  to  the  remaining  motion  as  100  to  105^75  ; 
but  to  the  whole  motion  as  100  to  1 1073  n^^rly.  But 
the  decrement  in  the  places  between  the  oftants  and 
fyzygies,  and  the  increment  in  the  places  between  the 
oftants  an^  quadratures,  is  to  this  decrement,  nearly 
as  the  whole  motion  in  thefe  places  to  the  whole  moti- 
on in  the  fyzygies,  and  the  difference  betwixt  the  fquare 
of  the  fineot  the  Moon's  diftance  from  the  quadrature, 
tnd  the  half  fquare  of  the  radius,  to  the  half  fquare 
of  the  radius  conjunftly.  Wherefore,  if  the  nodes  are 
in  the  quadratures,  and  we  take  two  places,  one  on  on^ 
(ide,  one  on  the  other,  equally  diflant  from  the  oftant 
and  other  two  diflant  by  the  fame  interval,  one  from 
the  fyzygy,  the  other  from  the  quadrature,  and  from 
the  decrements  of  the  motions  in  the  two  places  between 
the  fyzygy  and  odant,  we  fubtraft  the  increments 
of  the  motions  in  the  two  other  places  between  the  oc- 
tant and  the  quadrature;  the  remaining  decrement  will 
be  equal  to  the  decrement  in  the  fyzygy  :  as  will  ea- 
fily  appear  by  computation.     And  therefore  the  mean 

^^^;^ decrement,  which  oygh-t  to  be  fubdufted  from  the 
mean  motion  of  the  nodes,  is  the  fourth  part  of  the 
decrement  in  the  fyzygy.  The  whole  horary  motion 
of  the  nodes  in  thSfe  fyzygies  (when  the  Moon  by  a 
radius  drawn  to  the  Earth,  was  fuppos'd  to  defcribe 
an  area  proportional  to  the  time)  was  32".  /^%"\  7*^. 
And  we  have  fhew*d,  that  the  decrement  of  the  mo- 
tion of  the  nodes,  in  the  time  while  the  Moon,  now 
movirijg  with  greater  velocity,  defcribes  the  fame  fpace, 
was  to  this  motion  as  100  to  110755  and  therefore 
this  decrement  is  17".  45  >v.  ii^.  The  fourth  part  of 
•which  4'".  i5>^,  48^.   fubtrafted  from  the  mean  ho- 

/^^,,^         rary  motion  above  found  16".  ii'".  3*^.  30^.    leaves 
*  16".  i6"'.  37*\  42^.  their  correft  mean  horary  mo- 

tion. If 
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If  the' nodes  are  without  the  quadratures,  and  two  /<uA  '^ 
places  are  confider'dione  on  one  fide,  one  on  the  o- 
ther  equally  diftant  from  the  fyzygies;  the  fumof  the 
motions  of  the  nodes  when  the  Mood  is  in  thofeplacest 
wiU  be  to  the  fum  of  their  motions,  when  the  Moon 
is  in  the  fame  places  and  the  nodes  in  the  qu^^dratures^ 
as  AZ^^     xoAT^.     And  the  decrements  of    the 
motions,    arifing  from  the  caufes  but  now  explainedt  VuiM'<A<V 
will  be  mutu^Uy  as  the  motions  themfelves,  and  there- 
fore the  remaining  motions  will  be  mutually  betwixt 
themfelves     as  AZ^*    to  AT'^.      And    the  mean 
motions    will  be  as  the  remaining    motions.      And 
therefore  in  any  giv'n  pofition  of  the  nodes,  their  cor- 
teft  mean  horary  motion  is  to  16".  i5'".  jy*^.  41^. 
as  AZ  ^^  to  AT^.   that  is,  as  the  fquare  of   the 
fine  of  the  diftance  of  the  nodes  from  the  fyzygies  to 
the  fquare  of  the  radius. 

Proposition  XXXIII.  Problem  XIIL 

Tq  find  the  mean  motion  of  the  nodes  of  the 
Moon.  PI.  12.  Fig.  2t 

The  yearly  mean  motion  is  the  fum  of  all  tl&e  itiem 
horary  motions,  throughout  the  courfe  of  the  year. 
Suppofe  that  the  node  is  in  M  and  that  after  cv*ry 
hour  is  elaps'd^  it  \%  drawn  back  again  to  its  former;/ 


>.4*.^««AT  I* 


place;  fo  that,   notwithftanding  its  proper  motion^  ic^"'  ^"J^ 
may  conftantly  remam  m  the  lame  fituation,  with  rct'*^^  /^  ^ 
pcd  to  the  fixt  Stars;  while  in  the  mean  timetheSuti  um  -*« 
iJ,  by  the  motion  of  the  Earth,  isfeoi  ^otc^ye  the  node 
and  to  proceed  till  it  compleats  its  api>arent  annual  courfe  y  '*^^  t 
by  an  Tinilorm   motion.   Let  A  a  reprcfcnta  given 
leaft  arc,    which    the    right  line   TS  always  drawn 
to  the  Sun,  by  its  interfedion  with  the  circle  NAm, 
defcribes  in  the  leaft  given  moment  of  time;  and  the 

meaa 
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mean  horary  motion  Cfrom  what  we  have  above  (he w'd) 
will  be  as  AZ'^^  that  is  ("becaufe  yiZsmd  ZTzxt  pro- 
portional) as  the  reftangie  of  AZ  into  ZTJ  that  is, 
as  the  area  AZTa.  And  the  fum  of  all  the  mean  horary 
motions  from  the  beginning  will  be  as  the  fum  of  aii 
the  areas  aTZA^  that  is  as  the  area  N  AZ.  But  the 
grezttHAZTa  is  equal  to  the  redangle  of  the  arc  A  a 
into  the  radius  of  the  circle;  and  therefore  the  fum  of 
all  thefe  reftanglfes  in  the  whole  circle,  will  be  to  the 
like  fum  of  all  the  greareft  reftangles,  as  the  area  of  the 
whole  circle  to  the  redangleof  the  whole  circumference 
into  the  radius,  that  is^  as  i  to  %.  But  the  horary  mo« 
tion  correfponding  to  that  greateft  redangle,  was  i6". 
i6'".  57^^.  42^  and  this  motion  in  the  complete  courfe 
of  thefiderealyear  5(^5'^.  6^.  9'.  amounts  to  59°.  38'. 
7".  50'".  and  therefore  the  half  thereof  19°.  49'. 
l'.  55^".  is  the  mean  motion  of  the  nodes  correfpond- 
ing to  the  whole  circle.  And  the  motion  of  the  nodes, 
in  the  time  while  the  Sun  iscarry'd  from -AT  to  A  is  to 
19^49'.  3".  55'''.  as  the  area  NJZ  to  the  whole 
circle. 

Thus  it  would  be  if  the  node  was  after  every  hour 
drawn  back  again  to  its  former  place,  that  fo>   after  a 
tompleat  revolution,  the  Sun  at  the  year's  end  would 
be  found  again  in  the  fame  node   which  it   had  lefc 
when  the  year  begun.     But  becaufe  of  the  motion  of 
mx     4  oMlif  ^^^^  ^"  ^^^  "^^^"  time,  the  Sun  muft  needs  meet 
xt^t.  '*?*^e  node  fooner,  and  now  it  remains  that  we  compute 
r'"^^  the  abreviation    of  the  time.l^^  *§lncli^^hen  the  Sun,  in 
^    the  courfe  of  the  year,  travels  56^0  degrees,  and  the  node 
in  the  fame  time  by  its  greatefl  motion  would  be  carried 
39^  38'.  7".  50%  or  39,  ^555  degrees  ;    andthemean 
motion  of  the  node  in  any  place  N,  is  to  its  mean  mo^ 
tion  in  its  quadratures,  as  AZ^  to  AT^ :  the  motion 
of  the  Sun  will  be  to  the  motion  of  the  node  in  iV,  as 
^60  AT^,io  ^9,6^$^  AZ^ ;  that  is,  as  9,0817^4^ 
AT^  to  AZ^.  Wherefore  if  we  fuppofe the  circum- 
ference 
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ference  NAn  of  the   whole  circle  to  be  divided  into 
little  equal  parts,   fuch  as  jia^  the  time  in  which  the 
Sun  would  defcribe  the  little  arc  jla,  \i  the  circle 
was  quiefcent,  will  be  to  the  time  of  which  it  would 
defcribe  the  fame  arc,  fuppofing  the  circle  together  with 
the  nodes  to  be  revolv'd  about  the  centre  7,  recipro- 
cally as  5>,o82764<5^r*  to  9,081764^  AT^  -j-  j 
AZ^.     For  the  time  is  reciprocally  as  the  velocity 
with  which  the  little  arc  is  defcrib'd,  and  this  veloci- 
ty is   the  fum  of  the  velocities  of  both  Sun  and  node* 
Jf  therefore  the  feftor  NT  A  reprefent  the  time  in 
which  the  Sun  by  it  felf,  without  the  motion  of  the 
node,  would  dcf(;ribe  the  zxcNA^   and  the  indefinitely 
fmall  par t^  7*4  of  the  feftor   reprefent  the  little  mo- 
ment of  the  time,  in  which  it  would  defcribe  the  lead     ^      q 
arc  Aai  and  (letting  fall  4 Tperpendicular  upon  Nn^^M^^^^"^ 
if  in  AZ  we  take  dZ^  of  fuch  length,   that  the  rec- 
tangle of  ^Z  into  zr,  may  be  to  tne  leaft  part  ATa 
of  the  fedor ,  as  -rfZ  *  to  9,o8i7<?4<?  AT*  -|-  AZ^^ 
that  is  to  fay,  that  dZ  may  be  to  \AZ,   as  AT*  to 
5,08 27(^45  AT^  -|^  AZ"^  I  the  reftangle  of  ^Z in- 
to zr  will  reprefent  the  decrement  of  the  timearifing 
from  the  motion   of  the  node,   while  the  arc  ^4  is 

defcrib*d.  And  if  the  curve  NdGn  is  the  locus  where  ^^ 

the  point  d'\%  always  found,  the  curvilinear  area  NdZ 
will  be  as  the  whole  decrement  of  //«w  while  the  whole 
arc  NA  is  defcrib'd.  And  therefore,  the  excefs  of 
the  feftor  NAT  above  the  area  NdZ  will  be  as  the 
whole  time.  But  becaufe  the  motion  of  the  node  in  a 
lefs  time,  is  lefs  in  proportion  of  the  time,  the  area 
A4^  TZ  muft  alfo  be  diminifh'd  in  the  fame  proporti- 
on. Which  may  be  done  by  taking  vx  AZ  the  line 
tZ  of  fuch  length,  that  it  may  be  to  the  length  of 
AZ^  as  AZ""  top,  o827<?4tf  AT*  X-  AZ*.  For 
fo  thereftangle  of  ^Z  into  ZT»  will  be  to  the  area 
AZTuy  as  the  decrement  of  the  time  in  which  the 
arc  ^4  is  defcrib'd^  to  the  whole  time  in  which  ic 

would 
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would  have  been  defcrib'd>  if  the  node  had  been  quU 
cfcent.  And  therefore  that  red^anglc  will  be  as  the  de- 
crement of  the  motion  of  the  node.  And  if  the  curve 
Ne  Fn  is  the  locus  of  the  point  e,  the  whole  area 
NeZj  which  iTtKe  fum  of  all  the  decrements  of  that 
motioHy  will  be  as  the  whole  decrement  thereof  during 
the  time  in  which  the  arc  AN  is  defcrib'd;  and  the 
remaining  area  N^ie  will  be  as  the  remaining  motion^ 
which  is  the  true  motion  of  the  node,  during  the  time 
in  which  the  whole  arc  Nji  is  defcrib"d  by  the  joint 
motions  of  both  Sun  and  node.  Now  the  area  of  the 
femicircle  is  to  the  area  of  the  figure  NeVn  found  by 
the  method  of  infinite  feries,  nearly  as  795  to  60.  But 
the  motion  correfponding  or  froportiond  to  the  whole 
circle  was  ip®  49'-  j".  55'".  and  therefore  the  moti- 
on correfponding  to  double  the  figure  TNT^  Fn  is  i^.  29'. 
58'.  z'\  which  taken  from  the  former  motion 
leaves  18^.  19'.  5".  55%  the  whole  motion  of  the 
node  with  refpeft  to  the  fixed  Stars  in  the  interval  be- 
tween two  of  its  conjunftions  with  the  Sun  ;  and  this 
motion  fubduded  from  the  annual  motion  of  the  Sun 
^60^.  leaves  541**.  40'.  54",  7'''.  the  motion  of  the 
Sun  in  the  interval  between  the  fame  conjunftions. 
But  as  this  motion  is  to  the  annual  motion  3(^0*^.  fo 
is  the  motion  of  the  node  but  juft  now  found  i8®  19. 
5".  53"'.  to  its  annual  motion  which  will  therefore 
be  19**.  18*.  i".  25'",  And  this  is  the  mean  motion 
of  the  nodes  in  the  fidereal  year.  By  aftronomical 
tables  it  is  19°.  21'.  zi\  50'".  The  difference  is  lefs 
than  y~  part  of  the  whole  motion,  and  feems  to  arife 
from  the  eccentricity  of  the  Moon's  orbit,  and  its  in- 
clination to  the  plane  of  the  ecliptic.  By  the  eccen- 
tricity of  this  orbit,  the  motion  of  the  nodes  is  too 
much  accelerated,  and  on  the  other  hand,  bv  the  incli- 
nation of  the  orbit,  the  motion  of  the  nodes  is  fome- 
thing  retarded^  and  reduced  to  its  juft  velocity. 


pRO- 
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Proposition  XXXIII.  Problem  XIV. 

To  find  the  true,  motion  of  the  nodes    of  the 
,  Moon.  PI.  12.  Fig.  3. 

la  the  time  which  is  as  the  area  NTA—NdZ(}Xi 
the  preceding  Fig*)  thac  motion  is  as  the  area^  NAcy 
and  IS  thence  eiv'n.     But  becaufe  the  calculus  is  too 
difficult  it  will  be  better  to  ufe  the  following  conftruc* 
tion  of  the  problem.     About  the  centre  C,   with  any 
interval  CDy  defcribe  the  circle  BEFD^  produce  DC 
to  A,  fo  as  jiB  may  be  to  Ad  as  the  mean  motion  to 
half  the  mean  true  motion  when  the  nodes  are  in  their 
quadratures    fthat  is,  as  19^.  i8'.  1".  25''.  to  190. 
4P'-  S"^  55'"-    3nd  therefore  BC  to  A  CyOS  the  diffe- 
rence of  thofc  motions  0°.  31'.  2".  52'".   to  the  latter 
motion  19^49'.  5".  5$''.    that  is,  as  i  to  jS^t.). 
Then  through  the  point  i>>    draw  the  indefinite  line 
Gg^  touching  the  circle  in  D 
BCE,  or  BCFy    equal  to  tl 
Sun  from  the  place  of  the  no 
motion;  and  drawing  AE  o 
dicular  D  G?  in  (7,  we  take  2 
be  to  the  whole  motion  of  1 
between  its  fyzygies  fthat  h 
tangent  D  6  to  the  whole  ci 
B£jD;    and  add  thisi4/2  ai 

DAG  may  be  us'4)  to  the  mean  motion  of  the  nodes,  —  I 
while  they  are  pamng  from  the .  quadratures  to  the  fy*^ 
zygies,  and  fubtraft  it  from  their  mean  motion^  while 
they  are  paffing  from  the  fyzygies  to  the  quadratures ; 
we  ihall  nave  their  true  motion.  For  the  true  motion 
fo  found  will  nearly  agree  with  the  true  motion  which  c^.vct./J*^ 
comes  out  fromaffuming  the  time  as  the  area  NTA-^ 
N4;Z,  and  the  motiouof  the  node  as  the  area  NAe^ 
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as  whoever  will  pleafe  to  examine  and  make  the  com- 
putations will  find.  And  this  is  the  femi-menftrual 
equation  of  the  motion  of  the  nodes.  But  there 
is  alfo  a  menftrual  equation,  but  which  is  by  no  means 
neceflary  for  finding  of  the  Moon's  latitude.  For  fince 
the  variation  of  the  inclination  of  the  Mot)n*s  orbit  to 
the  plane  of  the  ecliptic  is  liable  to  a  twofold  inequa- 
lity :  the  one  femi-menftrual,  the  other  menftrual :  the 
menftrual  inequality  of  this  variation^  and  the  menftru- 

—  V  ^  equation  of  the  nodes,  fo  moderate  and  correft  each 

other,  that  in  computing  the  latitude  of  the  Moon  both 
may  be  neglefted. 

Cor.  From  this  and  the  preceding  prop,  it  ap- 
pears that  the  nodes  are  quiefcent  in  their  fyzygies, 
but  regreflive  in  their  quadratures,  by  an  hourly  moti- 
on of  1 6".  i5>'".  2(^^v.  And  that  the  equation  of  the 
motion  of  the  nodes  in  theoftants  is  i*.  jo*.  all  which 
exadly  agree  with  the  phaenomena  of  the  heavens. 

Scholium. 

Mr.  Machin  Aftron.  Prof.  Grelh.  and  Dr.  Henry 

Pemberton  feparately  found  out  the  motion  of  the  nodes 

by  a  different  method.     Mention  has  been  made  of  this 

4    method  in  another  place.     Their  feveral^pagers,  both 

^^^^^^^'^'''bf  which  I  have  feen,  contained  two  propohtioris,  and 

.     cxaftly  agreed  with  each  other  in  both  of^  them.     Mr. 

'  ^^^^^^"^ Machin  s  paper  .pming  fxrft  to  my  hands,  I  fhall  here 

infert  it.  v.^.y^^*-^ 
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f  the  motion  of  the  Moon's  nodes. 

Proposition    I. 
mean  motion  of  the  Sun  from  the  node^  h 
kfined  by  a  geometric  meanproportional^  be- 
tween the  mean  motion  of  the  Sun,  and  that 
mean  motion  'with  which  the  Sun  rece/ts  tcfv  -''^ 
with  the  great  efi  fwiftnefs  from  tloenode 
in  the  quadratures.^ ^^^^ 
Let  T  (PL   15.  Fig.  I.)  be  the  Earth's  place,' 
im  the  liae  of  the  Moon's  nodes  at  any  given  time* 
KTM  a  perpendicular  thereto,  TA  a  right  line  revol- 
ving about  the  centre  with  the  fame  angular  velocity 
with  which  the  Sun  and  the  node  recede  from  one 
another  J  in  fuch  fort  that  the  angle  between  the  qui- 
cfcent  right  line  Nn^  and  the  revolving  line  Tj4y  may 
*  be  always  equal  to  the  diftance  ofjthe  places  of  the 
'*  Sun  and  node.     Now  if  any  right  line  TK  be  divi- 
**  ded  into  parts,  TS  and  SK^  and  thofe  parts  be  taken 
"  as  the  mean  horary  motion  of  the  Sun  to  the  mean 
**  horary  motion  of  the  node  in  the  quadratures,  and 
*'  there  be  taken  the  right  line  TH^  a  mean  proportio- 
*'  nal  between  the  pare  TS  and  the  whole  TK,  this 
**  right  line  will  be  proportional  to  the  Sun's  mean  mo- 
!'  tion  from  the  node* 

**  For  let  there  be  defcribedthe  circle  NKnMfxom 
^*  the  centre  T  and  with  the  radius  TKy  and  about  the 
•'  fame  centre,  with  the  femi-axcs  TH  and  TN^  let  there 
«  be  defcribed  anellipiis  NHnL.  And  in  the  time  in 
**  which  the  Sun  recedes  from  the  node  through  the  arc 
^*  Na^  if  there  be  drav^n  the  right  line  T^^,the  area  of 
'*  the  fedorj  isrr^  v^ill  be  the  exponent  of  the  fum  of 
"  the  motions  ojpthe  Sun  and  node  in  the  fame  time# 
*^  Let  therefore  the  extremely  fmall  arc  a  J  be  that 
^*  which  the  right  line  TliOy  revolving  according  to  the 
**  abovcfaid  law,  will  uniformly  defcribe  in  a  given  par- 
VoL.  II.  U  tide 
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<<  tide  of  tinic>  and  the  extremely  fmall  fedor  T^a  will 
<<  be  as  the  fum  of  the  velocities  with  which  the  Sun 
<<  and  node  are  carried  two  different  ways  in  thac  time^ 
««  Now  the  Sun's  velocity  isalmoftuniforro^  its  inequa-' 

DAa^..Ai^4*'  ^*^y  ^^S  ^^  ^^^^^  ^  iSititly  to  producethe  leaft;;in;:^ 
<«  equality  in  the  mean  motion  of  thenodcs*    Tne^olner 
it^JaJM/^Mj^i  P^rt  ot  this  fum,  namely  the  mean  quantity  of  the  ve- 
-iiiUc?      *'  locity  of  the  node,  is  increafcd  in  the  recefs  from  the 
€€  fyzygies  in  a  duplicate  ratio  of  the  fineoFits  diftance 
^«  from  the  Sun  (by  corol.  prop,  5 1.  of  this  book)  and 
^*  being  greatell  in  its  quadratures. with  the  Sun  in  JC^ 
«<  is  in  the  fame  ratio  to  the  Sun's  velocity  as  SK  to  ST.?, 
(<  that  is,  as  TthedifiFerence  of  the  fquares  o(TK  and 
<«  THf    or)  the  redangle  iTiff  i»f  to  TH\    But  the 
*'  ellipds  NBH  divides  the  feftor  ATa^  th^  exponent 
^<  ofthefums  of  thcfe  two  velocities^  into  two  part^ 
«<  ABba  and  BTb^  proportional  to  the  velocities.  For 
«<  produce  BT*  to  the  circle  in  jS,  and  from  the  point 
•«  B  let  fall  upon  the  greater  axis  the  perpendicular  BG^ 
•^  which  being  produced  both  ways  may  meet  the  circle 
«<  in  the  points  F  and/;  and^becaufe  the  fpacc  ABba 
«<  is  to  the  fedor  TBb  as  the  reftangle  AB^io  BJ'', 
«*  (that  rcdangle  being  equal  to  the  diflFerence  of  the 
^  fquares  of  TA  and  TB,  becaufe  the  right  line  A^ 
««  is  equally  cut  inT,  and  unequally  in  B;)  therefore 
<«  when  the  fpace  ABba  is  the  greateft  of  all  in  Ky 
«*  this  ratio  will  be  the  fame  as  the  ratio  of  the  reftanglc 
«<  KHM  10  HT^.     But  the  greateft  mean  velocity  of 
<•  the  node  was  fticwn  above  to  be  in  that  very  ratio  to 
<*  the  velocity  of  the  Sun;  and  therefore  in  the  quadra* 
•«  tures  the  feftor  ATa  is  divided  into  parts  proportio- 
«'  nal  to  the  velocities.  And  beciufe  the  redangle  KHM 
«  is  to  HT\  as  FBf  to  iB  C?  %  and  the  redangle  AB  /3 
«<  is  equal  to  the  redangle  FBf;  tljerefore  the  little  a* 
'ir.v^a      <*  rea  ABba,  wh^re  it  is  greateft,  is  to  the  remaining 
"  feftor rB b,  as  the  redangle  A B(i to  BG\  But  the 
^^  ratio  of  thefe  little  areas  always  was  as  the  redangle 

.  >«  AB^ 
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*^  i/4B^  to  B  T*S  and  therefore  the  little  area  ABb^  in 

*'  the  place  A  is  fcfs  than  its  correfpondeht  little  area  in 

*^  the  quadratures,  in  the  duplicate  ratio  of  BG  to  B7^ 

^^  that  is,  in  the  duplicate  ratio  of  the  fine  of  the  Sun's 

*^  diftance  from  the  node.  And  therefore  thefum  of  all       . 

"  the  little  areas  ^j8* 4,  to  sit,  the  fpace  ^BiST will  ^^^^ 

''  be  as  the  motion  of  the  node  in  the  time  in  which 

"  the  Sun  hath  been  going  over  the  arc  NA  fince  he  a| 

^Udf  the  node.     And  the  remaining  fpace,  namely  tte  C^W  wc^  " 

^«  elliptic  k&otNTBj  will  be  as  the  Sun's  mean  moti-^^»vn|^ 

^'  on  in  the  fame  time.     And  becaufe  the  mean  annual    ^  ^^**««^ 

"  motion  of  the  node  is  that  motion  which  it  pcrfojrgasj^iucfv 

^  in  the  time  that  the  Sun  completes  one  periodTofits 

*«  courfe,  the  mean  motion  of  the  node  from  the  Sun 

*^  will  be  to  the  mean  motion  of  the  Sun  it  felf,  as  the 

^  area  of  the  circle  to  the  area  of  the  ellipfis;  that  is  as 

"*'  the  right  line  TK  to  the  right  line  TH,  which  is  a  ^ 

^  comean  proportional  between  TKzndi  TS}  or  which  — —  • 

**  'mes  to  the  fame,  as  the  mean  proportional  THiQ  the 

^  right  line  TS. 

iPROPOSltlON    II. 

The  mean  motion  of  the  Mooris  nodes  being 
giveny  to  find  their  true  motion. 

"^^  \At  the  angle  A  be  the  diftance  of  the  Suft  from 
'^  the  mean  place  of  the  node,  or  the  Sun's  mean  rbotion 
*'  frofm  the  node.    Then  if  we  take  the  ingle  B#  w^j^    u^.>y^-' 
*'  tangent  is  to  the  tangent  of  the  angle  Ay  as  TH  to 
^^  TKy  that  is,  in  the  fubduplicate  ratio  of  the  mcanho- 
^^  rary  motibn  of  the  Sun  to  the  mean  horary  inotioft 
^'  of  the  Sun  from  the  node,  when  the  node  is  in  the 
*«  quadrature,  that  -angle  B  will  be  the  diftance  of  th^ 
"^  Sun  from  the  node's  true  place.  For  join  -FT,  and  by, 
^^  the  demonftratioh  of  the  laft  proportion,  the  angle 
^  fTN  will  be  i)ie  diftance  of  the  Smj  fronj  the  mean 
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<«  place  of  the  node,  and  the  angle  ATN  the  diftance 
«  from  tlietiue  place,  an4  tbe  tangents  of  thefe  angles 
<«  are  between  thcmfelves  as  TKxo  TH. 

«  Cor.  Hence  che  angle  FT  A  is  the  equation  of 
«*  the  Moon's  nodes,  and  the  fine  of  this  angle  where 
<«  it  is  greateft  in  the  oSants,  is  to  the  radius  z%  KH 
<«  to  TK-^-  TH,  But  the  fine  of  this  equation  in  a- 
<«  ny  other  place  A  is  to  the  greareft  fine,  as  the  fine 
«^  of  the  fiuns  of  the  angles  FTN\-ATNio  the  radius ; 
<«  that  is,  nearly  as  the  fine  of  double  the  diftance  of 
«  the  Sun  from  the  mean  place  of  the  node  (namely 
l[  z  JTAO  to  the  radius.  >t^itcv^-+^ 

S  G  H  q^L  I  U  M. 

I 

*^  If  the  mean  horary  motion  of  the  nodes  in  the^ua- 
«'  dratures  be  i<5".  id"'.  57^^.  41^.  that  is  in  a  whole 
«  fidereal  year  590.  38'.  7''.  fo"\  TH  will  be  to 
•*  7"^  in  the  fub-duplicate  ratio  of  the  number 
"  9iO%i^6j\6  to  the  number  10,  827545,  that  is,  as 
*'  18,  5524751  to  ip,  5524751.  And  therefore  TH 
"  is  to  HK  ^  18,5524751  to  I,  that  is,  asthemoti- 
«'  on  of  the  Sun  in  a  fidereal  year  to  the  mean  motion 
^«  of  the  node  19^  18'.  i".  25^". 

*'  But  if  the  mean  motion  of  the  Moon's  nodes  in 
^<  20  Julian  years  is  585^.  5o\  15''.  as  is  collededfrom 
<«  the  oblervations  made  ufe  of  in  the  theory  of  the 
««  Moon,  the  mean  motion  of  the  nodes  in  one  fidereal 
««  year  win  b§  i^^  zo'.  51".  58'^  And  ri/jwill  be 
^<  to  HK  as  350°.  to  ip"*.  2o'»  31''.  58'"*  that  is, 
<«  as  18,  5i2i4  to  I,  and  from  hence  the  mean  horary 
t^  motion  of  the  nodes  in  the  quadratures  will  come  out 
««  1 5",  IS'",  48 ^^  And  the  greateft  equatiori  of  thfj 
5J  iiode^  ill  5he  grants  will  be  x'^  a^'.  57'^ 


i^ftOr 
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Proposition  XXXIV.  Problem  XV- 
To  find  the  horary  variation  of  the  inclination  r 

of  the   Moon's  orbit  to  the  plane  of  the 

ecliptic. 

Let  -/^and4,  (PL  15.  Fig,  2.^  r^prefent  the  fyzy- 
gies ;  O^and  q  the  quadratures;  A^and  n  the  nodes; 
P  the  place  of  the  Moon  in  its  orbit;  f  the  orthogra-  1 

phic  projeftion  of  that  place  upon  the  plane  of  the  ec- 
liptic; and  mTl  the  momentaneous  motion  of  the; 
nodes  as  above.  If  upon  Tm  we  kt  fall  the  perpen- 
dicular PGy  and  joining /?G  we  produce  it  till  it  meet 
Tl  in  gj  and  join  alfo  Pg;  the  angle  P  Gp  will  be  the 
inclination  of  the  Moon's  orbit  to  the  plane  of  the  ec- 
liptic when  the  Moon  is  in  P;  and  the  angle  Pgp 
will  be  the  inclination  of  the  fame  after  a  fmall  moment  1 

of  time  is  elaps'd ;  and  therefore  the  angle  G  Pg  will  be  t/'^M  ^^^**^ 
the  momentaneous  variation  of  the  inclination.  But 
this  angle  G Pg  is  to  the  angle  G Tg^  as  TG  to  PG  - 
and  Pp  to  PG  conjunftly.  And  therefore  if  for  the 
moment  of  time  we  affume an  hour;  fince  the  angle 
G  Tg  (by  prop.  5  o.)  is  to  the  angle  55".!  o"'.  5  5  »^.  as  /  T" 
X  PG  X  uiZ,  to  At^^  the  angle  GPg  (or  the  horary 
variation  of  the  inclination)  will  be  to  the  angle  5  5".  io% 

35^^*  as  ITx  AZ  xTG  X -J^to  AT^ .  Q.  E.  I. 

And  thus  i^jjrauld  be  if  the  Moon  was  uniformly  (^{ttJ^^^^  ^' 
revolv'd  in  a  circuKrorbit.  But  if  the  orbit  is  elliptical, 
the  mean  motion  of  the  nodes  will  be  diminifti'd  in  pro« 
portion  of  the  lefTer  axis  to  the  greater,  as  we  hav« 
Ihewn  above.  And  the  variation  of  the  inclination  will 
be  alfo  dhuinifli'd  in  the  fame  proportion. 

Cor.  I.  Upon  Kn  creft  the  perpendicular  TF,  and 
ktpMht  the  norary  motion  of  the  MoOn  in  tlie  plane 

F5  "  ?f- 
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of  the  ecliptic;  upon  jOT let  fall  the  perpendiculars 
fK^  Mk^  and  produce  them  till  they  meet  TF  in  H 
and  b\  then  /T'will  be  to  ATy  as  Kk^  to  Mp;  and 
TG  to  Hp  as  rz  to  ^T*;  and  therefore  ITxTQ 

^^ill  be  equal  to -^ ,  that  is,  equal  to  tht 

trca  HpMh  multiplied  into  the  ratio  — - :  and  there^ 

fore  the  horary  variation  of  the  inclination  will  be  (^ 
j5*'.  id'".  5j»^  as  the  SivuHpMh  multiply'd  into 

^^Zx%^x^toATK 
Mp      PG 

Cor.  !•  And  therefore,  if  the  Earth  and  nodes  wero 
after  every  hour  dr^wn  bacjc  from  their  new,    and  irn 
^JtJi^^   jtantly^reftor'd  to  theirojid^  fo  as  their  fituatior^ 

niipit  continue  giventiSr  a  y/hole   periodic  month 
VAXA  together;  the  whole  variation  of  the  inclination  3uring 

that  month  would  be  to  55'^  10'".    33'^}  as  the  aggre- 
gate of  all  the  areas  Hp  Mhy  generated  in  the  time  of  one, 
(U^lL^     jevolution  of  the  point/>,  (with^^lg^regard  in  fumming. 
10  their  proper  figns-|~and — ).multiply'd  into  AZ 

X  TZ  X  -^  to  Mp  X  AT^3  th^t  is,  as  the  whole  cir* 

'de  jQA^ a  multiply 'd  intp  AZ  x  TZ x -^  to.  Mp)^ 

l^T^y  that  is,  as  the  circumference  jgi-^^' ^  muitiply'rf 

Pp 
mtQ  AZ  H  TZx  -r^  to  :^  iW>  x  AT^. 
Fij 

Cor.  3.    And  therefore,  in  a  giv*n  pofition  of  the 

liodes,  the  mean  horary  variation,  from  which,  if  u-r 

luformly  contihu'd  through  the  whole  months  that  gien- 

_^rual\  variation  might  be  generated,  is  to    33".  10^'. 

HV^'-^AZxTZx^iotAT^^ox^^px—^Y^. 
IfQ  fGxAATj  that  is  (becaufeP^  is  to  PG,  as  the 

I 

Digitized  byVjOOQlC 


Book  IIL     of  Natural  ^hilofophf.         29s 

fine  of  the  aforcfaid  inclination    to  the  radius  ;  and  fVAvUi^^ 

jI  Z  y.  TZ   '  ' 

^ —  to  4  AT^  as  the  fine  of  double  the  angle 

7  AT 
ATn  to  four  times  the  radius)  as  the  fine  of  the  fame 
inclination   multiply'd  into  the  fine  of  double  the  dif- 
tance  of  the  nodes  from  the  Sun,  to  four  times  the 
fquare  of  the  radius. 

Cor.  4.  Seeing  the  horary  variation  of  the  inclina- 
tion, when  the  nodes  are  in  the  cjjuadratures,  is  (by  this 
propO  to  the  angle  55".  io"\  jj^^as  ITx  AZxTGx 

^  to  AT^,  that  1$,  as  -.-p-j—x^ ,  to   2  AT^ 

that  is,  as  the  fine  of  double  the  diftance  of  the  Moon 

from  the  quadratures  multiply'd  into  — ^  to  twice  the 

radius  :  the  fum  of  all  the  horary  variations  during  the 
time  that  the  Moon,  in  this  fituation  of  the  nodes* 
paffes  from  the  quadrature  to  the  fyzygy  (that  is  in 
the  fpace  of  177I  hours)  will  be  to  the  iiim  of  as  ma- 
ny angles  55".  10"'.  55^^  or  5878",  as  the  fum  of  all 
the  fines  ot  double  thq  diftance  of  the  Moon  from  the 

quadratures   multiply'd  into——,  to  the  fum  of  as  ma- 

jiy  dianieters ;  that  is,  as  the  diameter  multiplied  into 

~;  to  the  circumference  5  that  is,  if  the  inclination  be 

5®.  i',  asyx  ^|~#^to  2a,  or  as  278  to  loooo.  And 
therefore  the  whole  variation,  compos'd  out  of  thefum 
of  all  the  horary  variations  intheforefaid  time^  is  i<Jj*'* 
or  z\  4j".  ^'^wU^iU 


U  4  PR«^ 
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Proposition  XXXV.  Problem  XVI. 
To  a  given  time  to  find  the   inclination  of 
the  Moons  orbit    to  the  plane  of  the  ec- 
liptic. 

Let  AT>  (PL  14.  JVf.  I.)  be  the  fine  of  the  greareft 
inclination,  and  u4B  the  fine  of  the  leaft.  BikdBD  in 

aUcAti^W  ^>  ^"^  round  the  centre  d  with  the  interval  BQ  de- 
fcribe  tliFa[rcle  BGD.  In  AC  take  CE  in  the  fame 
proportion  to  EB    as  £B  to  twice  B  A.    And  if  to 

C^rAMv-ct-^fcA^MrA  the  time  giv'n  wel/et  ojfflthe  angle  ^£G  equal  to  dou- 
ble the  diftance  of  the  nodes  from  the  quadratures,  and 
upon  AD  let  fall  the  perpendicular  GH\  AH  will  be 
the  fine  of  the  inclination  requir'd. 

For  G £  *  is  equal  to  GH^  -[-HE^—  BHD-\- 
BE^  —  HBD^YHE'^^BW  —HBD-\-BE^ 
^iBHxBE  =  BE^-\-iECxBH—  lECxAB 
^  lECx  BH  —  zECx  AH.  Wherefore  fince 
2 £ Cis  giv'n,  OE^  will  be  as  AH.  Now  let  AEg 
reprefent  double  the  diftance  of  the  nodes  from  the  qua- 
*     dratures,  in  a  given  moment  of  time  after,     and  the 

;  t  U<^trvv  arc  Gg^  on  account  of  the  giv'n  angle  GEg^  will  be  as 
the  diltance  GE.  ButHhistoGg^  as  GHtoGC,  and 
therefore  H  h  is  as  the  reftangle  G /f  x  CJ^jor  GHx  GE, 

G  H  G  H 

that  is,  as  -— ;  xGE^  ^^TH:^  AH,    that  is,   as 

^^and  the  fine  of  the  angle  AE  G  conjunftly.  If 
therefore  in  any  one  cafe,  ^fl'bethe  fine  of  incli- 
nation, it  will  increafe  by  the  fame  increments  as  the 
fihe  of  inclination  doth,  by  cor.  ^.  of  the  preceding 
prop,  and  therefore  will  always  continue  equal  to  that 
fine.  But  when  the  point  G  falls  upon  either  point 
B  or  2>,  A  His  equal  to  this  fine,  and  therefore  re-; 
.^  ^\c         mains  always  equal  therejfl.   j9.  E.  D. 

"     tin  this  demonftration  I  haveTuppos'd,  that  the  an- 
gle 
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.gle  5  £6  reprefenting  double  the  diftance  of  the  nodes 
from  the  quadratures,  increafeth  unifornily.  Fc^  I 
cannot  defcend  to  ev'f y  minute  circumftance  of  inequa- 
lity. Now  fuppofe  .that  BEG  is  a  right  angle,  and  ^Jo^^ 
that  Cjjls^in  this  caie  the  horary  increment  of  dbui. 
ble  the  diftance  of  the  nodes  from  the  Sun ;  then  by 
cor.  3.  of  the  laft  prop,  the  horary  variation  of  the  in» 
dination  in  the  fame  cafe,  will  be  to  55".  lo"'.  55^^:, 
as  the  reftangle  o{  AH  the  fine  of  tb^  inclination  into 
the  fine  of  the ,  right  angle  B  £  G,  double  the 
diftance  of  the  nodes  from  the  Sun^  to  four  times  the 
fquare  of  the  radius ;  that  is,  as  -^^  the  fine  of  th6 
mean  inclination  to  four  times  the  radms,  that  is,  fee^  iront^-/)* 
ing  the  mean  inclination  is  about  5®.  87,  as  itsfine^pdT 
to  40000,  the  quadruple  of  the  radius,  or  as  224  to 
1 0000.  But  the  whole  variation,  correfponding  to 
BI>  the  difference  of  the  fines,  is  to  this  horary  vari- 
ation, as  the  diameter  B  P  to  the  arc  G^,  that  is,  con* 
junftly  as  the  diameter  BD  to  the  femi-circumference 
B  GDi  and  as  the  timeof  2079/^  hours,  in  which  the 
node  proceeds  from  the  quadratures  to  the  fyzygies,  to 
one  hour,  thatis>  as  7  to  11  and  2079  /^  to  i.  Where- 
fore compounding  all  thefe  proportions,  we  (hall  have 
the  whole  variation  BD  to  55".  10'".  35^^.  as  224  x 
7  X  2079  xo  to  iioooo,  that  is,  as  i^6^'y  to  1000; 
and  from  thence  that  variation  BD  will  come  out    i6\ 

And  this  is  the  greateft  variation  of  the  inclination, 
abflrafting  from  the  fituation  of  the  Moon  in  its  orbit. 
For  if  the  nodes  are  in  the  fyzygies,    the    inclination      ,     , 
fafFers  no  change  from  the  various  pofitions  of  the^'^^^^"^^ 
Moon.    But  if  the  nodes  are  in  the  quadratures,   the 
inclination  is  lefs  when  the  Moon  is  in  the  fyzygies  than 
when  it  is  in  the  quadratures,   by  a    difference  of  2'. 
43''.   as  we  ihew'din  cor.  4.  of  the  preceding  prop.' 
and    the  whole  mean  variation  BD,  diminilh'd  by  i\ 
HY*  the  half  of  this  cxcefs,  becomes  15'.  a"*  when 
'  z  '  ^      the 
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the  M<M>fl  is  in  the  quadratures;  and  idcreas'd  by  the 
£iaie)  become  17'.  45"-    when  the  Moon  is  in  the 
€szy%\ts.    If  therefore  the  Moon  be  in  the  fyzygics, 
tke  whole  variation  in  thepaffa^of  the  nodes  from  the 
quadratures  to  the  fyzygies  will  be  17'.  45".     And 
tiiereforeif  the  inclinacicMi  be  5<>.  17'.  zo'.   when  the 
nodes  are  in  the  fyzygies,  it  will  be4«.  59'.  55".  whe» 
the  nodes  are  in  the  quadratures  and  the  Moon  in  the 
^zygies*  The  truth  of  all  which  is  confirm'd  by  o\^ 
iervacions. 
^.  V^,        Now  if  the  inclination  of  the  orbit  (hould  be  requir'd^ 
when  the  Moon  is  in  the  fyzygies,  and  the  nodes  any 
where  between  them  and  the  quadratures;  let  AB  be 
to  jiD^  as  the  fine  of  4"*.  59'.  55".  to  the  fine  of  j°. 
17'*  10".  and  take  the  angle  AEGj  equal  to  dwble 
^ediftance  of  the  nodes  from  the  quadratures;    and 
^t^it^^i^    AHmW  be  the  fine  of  the  inclination  defir^.     Tothis 
inclination  of  the  orbit  the  inclination  oFthe  /ame  is 
equal,  when  the  Moon  is  po®.  diftant  from  the  nodes* 
In  other  fituations  of  the  Moon,  this  menftrual  inequa- 
lity to  which  the  variation  of  the  inclination  is  obnox- 
,;uaii^     ious  in  the  calculus  of  the  Moon's  latitude,  is  5atanc*4 
' '    ^^^JL^Snd  in  a  manner \took  off,}  by  the  menftrual  inequality 
^^^^         of  the  motion  oFtlie  nodes  (as  w^  faid  before)   anc| 
therefore  may  be  qeglefted  itt  the  computation  of  thf 
|a;itijide^ 


4^.' 


SCHOXIUM^ 

J.  By  thcfe  computations  of  the  lunar  motions,  I  was 
,\A^  V <«iv\r  w^^  to  (hew  that  by  the  theory  of  gravity  the  mo- 
tions of  the  Moon  could  be  calculated  from  their  phy- 
fical  caufes.  By  the  fame  theory  I  moreover  found» 
that  the  annual  equation  of  the  mean  motion  of  the 
Moon  arifes  from  the  various  dilatation  which  the  or- 
bit  of  the  Moon  fuflfers  from,  th?  a^iqn  of  the  Sun» 

accord- 
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liccording  tocor.<?.  prop.  <?tf.  book  i.  The  force  of  this 

^dion  is  greater  in  the   perigeon  Sun>  and  dibttes  the 

Moon's  orbit; in  the  apc^^n  Sun  it  islefs,  and  per«» 

mits  the  orbit  to  be  again  contrafted.      The  Mooa 

tnoves^^^l^wej  in  thediUted^  and^fterinthccontraft«»rvv.^-/-^)i<X- 

td  orbit  I   and  the  annual  equation.  By  which  this  in* 

equality  is  regulated,  vani(hes  in  the  apogee  and  peri^ 

gee  of  the  Sun.     In  the  mean  diftance  of  the  Sua 

ftom  the  Earth  it  arifes  to  about  ii',  50".  In  other 

diflances  of  the  Sun,  it  is  proportional  to  the  equati^ 

on  of  the  Sun*s  centre,  and  is  added  to  the  mean  xnoti-      ,    ^ 

on  of  the  Moon,  while  the  Earth  is  paffing  from  its  a-  /^wuM^^ 

phelion  to  its  perihelionTand  fubduded  while  the  Earth 

IS  in  the  oppofite  femicircle.     Taking  for  the  radius  of 

the  orbis  magtmsy  1000,  and  16  ^  for  the  Earth's  eccen- 

jtricity,  this  equation  when  of  the  greateft  roagnitudey  ^';fj  uV  - 

by  the  theory  of  gravity  (comes  outyi  1'.  4^".  But  thc^^tvtt*- 

eccentricity  of  the  Earth  feems  to  be  fomethinggreatert 

4nd  with  the  eccentricity  this  equation  will   be  aug- 

fnented  in  the  fame  proportion.     Suppofe  the  eccentri- 

<ity  itf  if,    and  tne  greateft  equation  will  be  ii*. 

Further,  I  found  that  the  apogee  and  nodes  of  the 
Moon  move  fairer  in  the  perihelion  of  the  Earth,  where  ^fi\'^  ^;-^^  ' 
the  force  of  the  Sun's  adion  is  greater,  than  in  the 
aphelion  thereof,  and  that  in  the  reciprocal  triplicate  pro* 
portion  of  the  Earth's  diftance  from  the  Sun.      And 
hence    arife  annual  equations  of  thofe  motions  pro- 
portional to  the  equation  qf  th?  Sun's  centre.      Now 
the  motion  of  the  Sun  is  in  the  reciprocal  duplicate 
proportion  of  the  Earth's  diftance  from  the  Stm,   and 
the  greateft  equation  of  the  centre,  which  this  inequa- 
lity  generatesj^  is  i®.  5^'.  20".  correfponding  to  the 
abovemention'd  eccentricity  of  the  the  Sun  16  f  f.  But 
if  tlie  motion  of  the  Sun  had  been  in  the  reciprocal 
ttiplicate   proportion  of  the  diftance,  this  inequality 
yould  have  generated   the  greateft  equation    2^,  54'. 

30". 
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^b".  And  tbcfefore  the  greateft  eSquarions  which  the 
inequalities  bf  the  motions  of  the  Moon's  apogee  and 
nodes  do  generate,  are  to  i^.  54'.  50".  as  the  mean  di- 
urnal motion  of  the  Moon's  apogee  and  the  mean  diur- 
nal motion  of  its  nodes  are  to  the  mean  diurnal  motion 
of  the  Sun.  Whence  the  greateft  equation  of  the  mean 
\Ji^  inotion  of  the  apogee (conjes^out|ip'.  45".  and  the 
greateft  equation  of  the  mean  mdtfou  of  the  nodes  p  • 
24^  The  former  equation  is  added,  and  the  latter  fub- 
du<f^ed,  whild  the  Earth  is  paffing  from  its  perihelion  to 
it's  aphelion,  and  contrariwife  when  the  Earth  is  in  the 
oppofite  femicircle. 

.  By  the  theory  of  gravity  I  likewife  found,  that  the 
aiftion  of  the  Sun  upon  the  Moon  is  fomething  greater 
when  the  tranfverfe  diameter  of  the  Moon's  orbit  paf- 
feth  through  the  Sun,  than  when  the  fame  is  perpendi- 
cular upon  the  line  which  joins  the  Earth  and  the  Sun: 
And  therefore  the  Moon's  orbit  is  fomething  larger  in 
the  former  than  in  the  latter  cafe.  And  hence  arifes 
ftitother  equation  of  the  Moon's  mean  motion,  depen- 
ding upon  the  fituation  of  the  Moon's  apogee  in  relpeft 
t)f  the  Sun ;  which  is  in  its  greateft  quantity,  when  the 
Moon's  apogee  is  in  the  oftants  of  the  Sun,  and  va- 
nifties  when  the  apogee  arrives  at  the  quadratures  or 
fyzygies.  And  it  is  added  to  the  mean  motion,  while 
the  Moon's  apogee  is  paffing  from  the  Quadrature  of 
the  Sun  to  the  fyzygy,  and  fubdufted  while  the  apo- 
gee is  paffing  from  the  fyzygy  to  the  quadrature.  This 
equation,  which  I  (hall  all  the  femi-annual,  when 
greateft  in  the  oftants  of  the  apogee,  atifeS  to  about 
3'.  45^  fo  far  as  I  could  coUeft  frorti  the  phaenomena. 
And  this  is  its  quanthy  in  the  ihean  diftance  of  the 
Sun  from  the  Earth.  But  it  is  incrtafed  and  diminifti- 
ed  in  the  reciprocal  triplidate  proportion  of  the  Sun's 
diftance,  and  therefore  is  nearly  5'.  54".  when  that 
diftance  is  greateft,  and  3'.  ytf"»  whenleaft.  But  when 
the  Moon's  apogee  lis  without  the  odants>  it  becomes 
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lefs,  and  is  €o  its  greateft  quaotiry^  a$  the  fine  of  double 
the  diftance  of  xm  Mooa's  apogee  from  ih^e  ncarcft 
iyzygyy  pr  quadrature  to  the  radius. 

By  the    fame  theory  of  gravity,  the  aftion  of  the 

Sun  upon   the  Moon  is  fomething  greater,  when  thcr 

line  of  the  Moon'$  nodes  palfes  through  the  Sun,  thM 

when  it  is  at  right  angles  with  the  line  wlUch  joins 

the  Sun  and  the  Earth.    And  hence  ariies  another  e* 

quation   of  the  Moon's  mean  motion,  which  I  (hall 

call  the  fecond  femi-annual,  and  this  is  greateft  when 

the  nodes  are  in  theo&ants  of  the  Sua,  and  vani(bes 

when  they  are  in  the  fyzygies  or  quadratures,  and  in 

other  pofitions  of  the  nodes  is  proportional  to  the  fine 

of  double  the  diftance  of  either  node  from  the  nearei^ 

fyzj^gy  or  Quadrature.     And  it  is  added  to  the  mean 

motion  of  tne  Moon,  if  the  Sun  is  in  ^mtecedemi^  to     , 

the  node  which  is  neareft  to  him,  and  fubdu<%ed  if  b$    J^ 

confequemia ;    and  in  the  odants,  where  it  is  of  the 

greateft  magnitude,  it  arifes  to  47''.  in  the  mean  di-« 

ftance  of  the  Sun  irom  the  Earth,  as  I  find  from  the 

theory  of  gravity.    In  other  diftances  of  the  Sun  this 

equation^  greateft  in  the  odants  of  the  nodes,  is  reci* 

procally  as  the  cube  of  the  Sun's  diftance  from  the 

Earth,  and  therefore  in  the  Sun's  perigee  it  comes  ta 

about  49  ^,  and  in  its  apogee  to  about  45''. 

By  the  fame  theory  of  gravity,  the  Moon's  apogee 
goes  forward  at  the  greateft  rate,  when  it  is  cither  in  ^a. 
coDJun&ion  with  or  in  oppofition  to  the  Sun,  but  in 
its  quadratures  with  the  Sun  it  goes  backj^ard.  And 
the  eccentricity  comes,  in  the  former  cafe,  to  its  great<» 
eft  quantity,  in  the  latter  to  its  Icaft,  by  cor.  7.  8.  and 
9*  pro{>.  66,  book  i«    And  thofe  inequalities  by  the  ^^ 

corollaries  we  hare  nam*d,  are  very  great,  and  generate  -^  '-  •  -  *  * 
the  principal,  which  I  call  the  feifiPannual,  equation 
of  the  apogee.     And  this    femi-annual  equation  in 
its  greateft  quantity  comes  to  about  li**.  18".  as  aear- 

~  "  ^     '    "  ly 
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ly  a$  I  could  colled  from  the   pbaenomenai     Our 

^c*iuu<d>^^*^  countryman  H&rrox  was  the   firft^o  advanced  the 
'  tficory  of  the  Moon's  moving  in  artellipfe  about  the 

"  cV  ^     '£'^^^  placed  in  its  lower  focus.    Dr.  HaOej  improved 

TaI^k^  o  the  notion,  by  |>utting  the  centre  of  the  cliipfeTn  aa 
epicycle  whofe  centre  is  uniformly  revolved  about  the 
Earth*  And  from  the  motion  in  this  epicycle  the 
mentioned  inequalities  in  the  progrefs  and  regrefs  of 
the  apogee,  and  in  the  quantity  of  eccentricity  do  arife; 
Suppofe  the  mean  diftance  of  the  Moon  from  the  Earth, 
to  be  divided  into  looooo  parts,  and  let  T(P/.  14.  ^5^* 
2.)  reprefent  the  Earth,  and  TC  the  Moon's  mean  ec- 
centricity of  5505  fuch  partSi  Produce  T'C  to  B,  fa- 
as  CB  may  be  the  fine  of  the  greateft  femi-annual  e- 
quation  12^.  18',  to  the  radius  TC;  and  the  circle 
BDA  defcribed  about  the  centre  C,  with  the  interval 
?  CBy  will  be  the  epicycle  fpoke.of,  in  which  the  centre 
of  the  Moon's  orbit  is  placed,  and  revolved  according 
to  the  order  of  the  letters  BDji.  (  Set  off]  the  angle 
BCD  equal  to  twice  the  annual  argument,  or  twice 
the  diftance  of  the  Sun's  true  place  from  the  place  of 
'<  the  Moon's  apogee  once  equated,^  and  CTD  will  be 
the  femi- annual  equation  of  the  Moon'^  apogee,  and 
TD  the  eccentricity  of  its  orbit,  tending  to  the  placd 
of  the  apogee  now  twice  equatedi  But  having  th^ 
Moon's  mean  motion,  the  place  of  its  apogee,  and  its 
eccentricity,  as  well  as  the  longer  a:^e  of  its  orbic 
20G000 ;  from  thefe  data  the  true  place  of  tlie  Moon^ 
in  its  orbit,  together  with  its  diftance  from  theEarth,^ 
may  be  determined  by  the  methods  commonly  known.. 
In  the  perihelion  of  the  Earth  where  the  force  of 
the  Sun  is  greateft,  the  centre  of  the  Moon's  orbit 
^■^.-x^Axl^  moves  fafter  about  the  centre  C,  than  in  the  aphelio% 
and  that  in  the  reciprocal  triplicate  proporrion  of  the 
Sun's  diftance  from  the  Earth.  But  becaufe  the  equa* 
tion  of  the  Sun's  centre  is  included  in  the  annual  argu*^ 
jjgcpr,  the  centre  of  the  Moon's  orbit  moves  fafter  ia 
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ts  epicycle  BDji,  in  the  reciprocal  dupliate  proper-^ 

fion  of  the  Sim's  diftance  from  the  Earth*    There* 

Fore  that  it  may  move  jj^l^  fafter  in  the  reciprocal  fixnpls  ^^^^^ 

proportion  of  the  diftance;   fuppofe  that  from  D  tho 

centre  of  the  orbit  a  right  line  DE  is  drawn^  tending^  ^ 

towards  the  Moon's  apogee  once  cqiiated»  that  is,  pa-    i^^^  ■ 

lallel  to  TC;  and(fn  offjtbc  angle  EDF  equal  to  th6  ^c>i^^^  "^ 

excefs  of  the  foresaid  annual  argument  above  the  di*aatt>i  M<^^-^ 

ftance  of  the  MooiTs  apogee  from  the  Sun's  perigee 

iff  coHjiquentia;    or,  which  comes  to  the  fame  things 

take  the  angle  CDF  equal  to  the  complement  of  thcf 

Sun's  true  anomaly  to  jtfo^    And  let  DJF  be  toDC» 

as  twice  the  eccentricity  of  the  crhis  mmms  to  tho 

Sun's  mean  diftance  from    the  Earth  and  the  Sun'r 

mean  diurnal  motion  from  the  Moon's  apogee  to  the 

Sun's  mean  diurnal  motion  from  its  own  apogee  con-  y^vOT^vX) 

jandly,  that  is,  as  3 3I  to  1000,  and^fz'.  27".  i(J"'. 

to  55)'.  8".  10"'.  conjundly;   or  as  3  to  100.    AncI 

imagine  the  centre  of  the  Moon's  orbit,  placed  in  the 

point  F^  to  be  revolved  in  an  epicycle  whofe  centre  if^ 

Dy  and  radius  DF,  while  the  point  D  moves  in  the 

circumference  of  the   circle  DjiBD.    For  by  thi* 

means  the  centre  of  the  Moon's  orbit  comes  to  defcribe 

a  certain  curve  line,  about  the  centre  C,  with  a  velocity 

which  will  be  almoft  reciprocally  as  the  cube  of  the   /  /. 

Sun's  diftance  from  the  Earth,  as  it  ojight  to  be.  ^^^^^^-^ 

The  calculus  of  this  motion  is  difficult,  but  may  be 
rcnder'd  more  eafy  by  the  following  approximation. 
Afluming  as  above  the  Moon's  mean  diftance  from  the 
Earth  of  1 00000  parts,  and  the  eccentricity  TC  of 
5  5 Of  fuch  parts,  the  line  CB  or  CD  will  be  found 
1172^,  and  PF  35f  of  thofc  parts*  And  this  line 
DF  zi  the  diftance  TC  fubtends  the  afigle  at  the  Earth, 
which  the  removal  of  the  centre  of  the  orbit  from  the  ^vu^^-^^<^ 
place  D  to  the  place  F  generates  in  the  motion  of  this 
centre;  and  double  this  line  DF  in  a  parallel  pofiti- 
^n,  at  the  diftance  of  the  upper  focus  of  the  Moon's 
'  J  orbit 
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orbit,  from  t||e  Eatchi  fubt^ods  %x  the  Ealth  the  fame 
acgle  ^%PV  cU4  before,  whkh  that  removal  generates 
in  the  motion  of  this  upper  focus ;  but  at  the  diilance 
of  the  Mooji  from  the  Earth  this  doubk  line  2  DV 
at  th$  upp,er  focust  in  a  pualld  poiicion  to  the  firfi:  line 
HF^  fubcencU  an  angle  at  the  Moon  which  the  laid 
removal  generates  in  the  motion  of  the  Moon,  which 
angle  may  be  therefore  called  the  fecond  equation  of 
th;  Moon's  centre.    And  this  equation,  in  the  mean 
4iftance  of  the  Moon  from  the  Earth,  is  nearly  as  the 
fine  of  the  angle  which  chat  line  D  F  contains   with 
t{^e  line  drawn  from  the  point  F  to  the  Moon^  and 
whfn  in  its  grcateft    quantity  amounts  to  z.    zf. 
^ut  the  9Pgk  which  the  line  DF  contains  with  the 
line  drawn  frq^m  the  point  F  to  the  Moon,  is  found 
M.<^        cithg^by  fubtrading  the  angle  EDF  from  the  mean 
anomaly  of  the  Moon,  or  by  adding  the  diftance  of 
the  Moon  from  the  Sun,  to  the  diftance  of  the  Moon's 
apc^ee  from  the  apogee  of  the  Sim.     And  as  the  ra- 
4iu$  to  the  fine  of  the  angle  thus  found,  fo  is  x\  i^'\ 
to  the  fecond  equation  of  the  centre ;  to  be  added,  if 
a^^  jUc^lw-^he  forementioned  fum  be  lefs  than  a  femicircle,  to  be 
.^^^4M-t^v-**^fiibdutted  if  greater.     And  from  the  Moon's  place  in 
its  orbit  thus  carreded,  its  i<Higitude  may  be  found 
ip  the  fyzygies  of  the  luminaries. 

The  atmofphere  of  the  Earth  to  the  height  of  ^j 

or  40  miles  refrads  the  Sun's  light.     This  refradion 

^A:.J<     ^feS'  and  (£re^  over  the  Earth^slh^ 

^^^      end  tne  diUipaied  light  near  the  limits  of  the  ihadow 

'^^"^    "^^       dilates  the  ihadow.     Upon  which  accounts,  to  the 

diameter  of  the  ihadow,  as.  it  comes  our  by  the  parallaxt 

I  add  I  or  I J  minute  in  lunar  eclipfes. 

'.itx-w^  ^         B^t  ^he  theory  of  the  Moon  ought  to  be  cxamine4 

and  proved  from  the  phaenomena,  'firlt  in  the  fyzygies  j 

^  then  in  the  quadratures ;  and  laft  of  all  in  the  odantsj 

'>*HttiU  /    ^^^  whofo  pleafes  to  undertafe  the  work,  will  find  id 

V     ^      '   not  amifs  to  Sltttae  tKe  Bll^'wmg  mean  motions  of  the 
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S  un  and  Moon,  at  the  royal  obfervatory  of  Greemvick 
to  the  laft  day  of  December  at  noon,  anno  1700,  O.  S. 
^iz..  The  mean  motion  of  the  Sun  V8  20°.  45'.  40'V 
and  of  its  apogee  ^  7^.  44.  30",  the  mean  motion 
of  the  Mooni::?  150.  21'.  00"  j  of  its  apogee,  K  8^ 
ao'*  00".  and  of  its  afcending  node,  ^  270.  24V 
20";  and  the  difference  of  meridians  betwixt  the 
obfervatory  at  Greenwich  and  the  royal  obfervatory  at 
Parisy  o^.  9*  20".  but  the  mean  motion  of  the  Moon 
and  of  its  apogee,  are  not  (yet j  obtained  with  fufficient 
accuracy.  ^^-^-^ 

Proposition  XXXVI.  Problem  XVIL' 
To  find  the  force  of  the  Sun  to  move  the  Sea. 

The  Sun's  force  ML  or  PT  to  difturb  the  motions 
of  the  Moon,  was,  (by  prop.  25.)  in  the  Moon's 
quadratures,  to  the  force  of  gravity  with  us,  as  i  ta 
658092,5.  And  the  force  TM-^LMy  or  zPK  in 
the  Moon's  fyzygies,  is  double  that  quantity.  Buc 
defcending  to  the  furface  of  the  Earth,  thefe  forces  are. 
dioiinifhed  in  proportion  of  the  diftances  from  the 
centre  of  the  Earth,  that  is,  in  the  proportion  of  66\  to 
X ;  and  therefore  the  former  force  on  the  Earth's  fur- 
face  is  to  the  force  of  gravity,  as  i  to  38504(^00. 
And  by  this  force  the  Sea  is  jeprefled  in  fuch  places  ,v  ;a^^^ 
as  arc  90  degrees  diftant  from  the  Sun.    But  by  the  , 

other  force  which  is  twice  as  great,  the  Sea  is  rais'd;  ^u^'^' 
not  only  in  the  places  dire<5lly  under  the  Sun,  but  in 
thofc  alfo  which  are  diredly  oppofed  to  it.   ^And  the 
fum  of  thefe  forces  is  to  the  force  of  gravity,  as  i  ta 
¥28(^8200.    And  bccaiife  the  fame  force  excites  the 
feme  motion,  whether  it  depreffes  the  waters  in  thofe    ^      -^ 
places  which  are  90  degrees  diftant  from  the  Sun;  or       ,      , 
jaifcs  them  in  the  places  which  arc  diredly  under,  and  y^J^  ^yr^ 
diredly  oppofgd^to  the  Sun;   the  forefaid  fum  will  be 
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the  total  force  of  the  Sun  to  difturb  the  Sea,  and  will 
have  the  fame  effed  as  if  the  whole  was  employed  in 
raifing  the  Sea  in  the  places  diredly  under  and  diredly 
oppos'd  to  the  Suni  and  did  not  ad  at  all  in  the  places 
^hich  are  po  degrees  removed  from  the  Sun. 

And  this  is  the  force  of  the  Sun  to  difturb  the  Sea 
in  any  given  place,  where  the  Sun  is  at  the  fame  time 
both  vertical,  and  in  its  mean  diftance  from  the  Earth* 
In  other  pofitions  of  the  Sun,  its  force  to  raife  the  Sea 
is  as  the  verfed  (ine  of  double  its  altitude  above  the 
horizon  of  the  place  diredly,  and  the  cube  of  the  di« 
fiance  from  the  Earth  reciprocally. 

Cor.  Since  the  centrifugal  force  of  the  parts  of  the 
Earth,  aridng  from  the  Earth's  diurnal  motion>  which 
is  to  the  force  of  gravity  as  i  to  aJS^,  raifes  the  wa- 
ters under  the  equator  to  a  height  exceeding  that  un- 
der the  poles  by  8547a  Paris  feet,  as  above  in  prop, 
ip.  the  force  of  the  Sun  which  we  have  now  fhewed 
to  be  to  the  force  of  gravity,  as  i  to  12858200,  and 
therefore  is  to  that  centrifugal  force  as  2  89  to  1 2  8(^8200, 
or  as  I  to  44f  27,  will  be^able  to  raife  the  waters  in 
the  places  diredly  under  and  dlrcftly  oppos'd  to  the 
Sun>  to  a  height  exceeding  that  in  the  places  which 
are  po  degrees  removed  from  the  Sun,  only  by  one 
Taris  foot  and  ii3«p5- inches.  For  this  mcamre  is  to 
the  meafure  of  85472  feet,  as  i  to  44527. 

Proposition  XXXVII.  Problem  XVIII. 
To  find  the  force  of  the  Moon  to  move  the  Sea^ 

The  force  of  the  Moon  to  move  the  Sea  is  to  be 
i^educed  from  its  proportion  to  the  force  of  the  Sun, 
fnd  this  proportion  is  to  be  colledcd  from  the  propor- 
tion of  the  motions  of  the  Sea,  which  are  the  effeds 
of  thofe  forces.  Before  the  mouth  of  the  river  Avon^ 
^^ihree  miles  below  ^Br{/?(?/,  tEcTieighc  of  the  afcent  of 
r-  :^\,<\o  -  the 
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ihe  water,  in  the  vernal  and  autumnal  fyzygies  of  the 
luminaries,  (by  the  obfervations  of  Samuel  Sturmj)  a«^ 
mounts  to  about  45  feet,  but  in  the  quadratures  to  ly 
{only.     The  farmer  of  thofe  heights  arifes  from  the 
film  of  the  forefaid  forces,  the  latter  from  their  dif.  ^JfiiwA, 
fercnce.     If  therefore  S  and  L  are  fuppofcd  to  repre- 
sent refpedively  the  forces  of  the  Sun  and  Moon, 
•^R^hile  they  are  in  the  equator,  as  well  as  in  their  mean 
<iiftances  from  the  Earth,  we  ftiall  have  L-|-S  to  L — S 
OS  45  to  25,  or  as  p  to  5. 

At  Plymouth  (by  the  obfervations  of  i^ww/  Colepre/s) 
Ithc  tide  in  its  mean  height  rifes  to  about  K^feet,  andirw*^^^ 
in  the  Ipring  and  autumn  the  height  thereof  in  the 
fyzygies  may  exceed  that  in  the  quadratures  by  more 
than  7  or  8  feet.  Suppofe  the  greateft  diflPerence  of 
thofe  heights  to  be  p  feet,  and  L-|^S  will  be  to  L— S> 
as  20^  to  iij,  or  as  41  to  25  ;  a  proportion  that  .  .  , 
agrees  well  enough  with  the  former.    But  becaufe  of  -^l>'''*' 


the  great  tide  at  triftoU  we  are  rather  to  depend  upon  \\  < ' ' 
the  obfervations  of  Sturmj,  andTKerefore  till  we  pro- 
cure fomething  that  is  more  certain,  we  (hall  ufe  the 
proportion  of  p  to  5. 

But  becaufe  of  the  reciprocal  motions  of  the  waters, 
the  greateft  tides  do  not  happen    at  the  times  of  the  I     '' 
fyzygies  of  the  luminaries,  but  as  we  have  faid  before,  '  '   ' 
^  arc  the  third  in  order  after  the  fyzygies;  (or  reckoning  :  ^  .^  • 
^  from  the  lyzygies)  follow  next  after  the  third  appiilfe 
of  the  Moon  to  the  meridian  of  the  place  after  the 
fyzygies;  or  rather  (as  Sturmj  obfcrves)  are  the  third  ..     * 
after  the  day  oi  the  new  or  full  Moon,  or  rather  near- 
ly after  the  twelfth  hour  from  the  new  or  full  Moon,  and 
therefore  fall  nearly  upon  the  forty  third  hour  after  the r>  ^^ 
new  or  full  of  the  Moon.  But7n"thi$  port  they  fall  out 


about  the  feyenth  hour  after  the  appmfe  of  the  Moon 
to  the  meridian  of  the  place;  and  therefore  follow  next 
after  the  appulfe  of  the  Moon  to  the  meriSianT  when 
the  Moon  is  diftant  fronli  the  Sun,  or  from  oppodtion 
X  X  wit^l 
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ivith  the  Sun  by  about  i8  or  ip  degrees  in  confequentia^ 
^^^^  So  the  fumroer  and  winter  feafons  come  not  to  their 

"  height  ih  the  folftices  themfelves,  but  when  the  Sun 

^^  is  advanced  beyond  the  folftices  by  about  ajtenApart 
***  of  its  whole  courfe,  that  is,  hy  about  36  or  j^S^ees* 
In  like  manner  the  greateft  tide  is  raifed  after  the  ap- 
pulfe  of  the  Moon  to  the  meridian  of  the  place,  when 
the  Moon  has  palfed  by  the  Sun,  or  the  oppq/ition  therC" 
9f>  by  2ihout  a  tenth  part  of  the  whole  motion  from 
cne  greateft  tide  to  the  next  following  greateft  tide.  Sup- 
pofc  that  diftance  about  18^  degrees.  And  the  Sun's 
force  in  this  diftance  of  the  Moon  from  the  fyzygies 

I     ^      ?  and  quadratures,  will  be  of  lefs  moment  to  augment 

|rit^  ^A- ,  ^^j  diminifti  that  part  of  the  motionof  the  Sea  which 
proceeds  from  the  motion  of  the  Moon,  than  in  the 
fyzygies  and  quadratures  themfelves,  in  the  proportioa 
of  the  radius  to  the  confine  of  double  this  diftance,  or 
of  an  angle  of  57  degrees,  that  is,  in  proportion  of 
looooooo  to  7p8(J555.  And  therefore  m  the  pre- 
ceding analogy,  in  place  of  S  we  muft  put  0^798(^5  5  5  S# 

titx:  A**  i'^^^  But  further,  the  force  of  the  Moon  in  the  quadra* 
tures  niuft  be  diminiftied,  on  account  of  its  declinati- 
on from  the  equator.  For  the  Moon  in  thofe  quadra- 
tures, or  rather  in  187  degrees  paft  the  quadratures, 
declines  from  the  equator  by  about  xi^.  15'.  And 
,    the  force  of  either  luminary  to  move  the  Sea  is  diipi- 

\.vvc  ^ '"*''! "^i'/Iied  as  it  declines  from  the  equator,  nearly  in  the 
duplicate  proportion  of  the  co-fine  of  the  declination. 
And  therefore  the  force  of  the  Moon  in  thofe  quadra- 
tures is  only  o,8f7oj27  L;  whence  we  have  L-|- 
o,7p8<^5$$  S,  to  0,8/70327  L — 0,75)8(^355  S,  as9 
to  5. 

^.\.,iw,lwAx^v->  Further  vet,  the  diameters  of  the  orbit,  in  which  the 

^  V  iMoon  (hould  move,  fetting^.aCde  the  confideration  of 
eccentricity,  are  one  to  the  other,  as  69  to  70.  And 
therefore  the  Moon's  diftance  from  the  Earth  in  the 
fyzygies,  is  to  its  diftance  in  the  quadratures,  cateris 
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paribus,  as  69  to  70.     And  its  diftances,  when  18  J 

degrees  advanced  beyond  the  fyzygies,  where  the  great-  (^4k  '••^'' 

eft  tide  was  excite JT  and  when  iSj  degrees  paffed  by 

the  quadratures,  where  the  leaft  tide  was  produced,  are 

to    its  mean  diftance  as  ^9,05)8747  ana  <f9»8p754J 

to  <Jp^.     But  the  force  of  the  Moon  to  njove  the  Sea 

is  in  the  reciprocal  triplicate  proportion  of  its  diftance. 

And  therefore  its  forces,  in  the  greateft  and  leaft  of 

thofe  diftances,  are  to  its  force  in  its  mean  diftance*  as 

0^5850427  and  I5017522  to  I.     From  whence  we 

have  1,017521  L  x  0,798^555  S  to  0,9850427  x 

0,8570527  L — 0,798(^^55  S  as  9  to  5.    And  S  to 

L>  as  I  to  4,4815.    Wherefore  fince  the  force  of  the 

Sun  is  to  the  force  of  gravity  as  i  to  128(^8200,  the 

Moon's  force  will  be  to  the  force  of  gravity,  as  i  to 

^871400. 

Cor.  I.  Since  the  waters  excited  by  the  Sun's  force 
rife  to  the  height  of  a  foot  and  i  r^  inches,  the  Moon's 
force  will  raife  the  fame  to  the  fieighr  of  8  feet  and 
7I-  inches;  and  the  joint  forces  of  both  will  raife  the 

fame  to  the  height  of  loj;  feet;  and  when  the  Moon 
is  in  its  perigee,  to  the  height  of  125-  feet,  and  more,  . , 
efpecially  when  the  wirui  fcts  the  fame  way  as  the  tide,  j^ 
And  a  force  of  that'quantity  is  abundantly  fufficicnt  to 
excite  all  the  motions  of  the  Sea,  and  agrees  well  with  the 
proportion  of  thofe  motions.  For  in  fucITSeas  as  lye  free 
anctoDetl.frDm  eaft  to  weft,  as  in  the  Pacific  Sea7  and 
in  thole^ra^s  oTThe  jitlantic  and  Ethhpic  Seas  which 
lye  witKouTthe  tropics,  the  waters  commonly  rife  to 
<r*9, 12,  or  15  feet.  But  in  the  Pacific  Sea,  which  is 
of  a  greater  depth  as  well  as  of  a  larger  extent,  the  tides ; 
are  faid  to  Be  greater  than  in  the  ^Atlantic  and  Ethiopia. 
Seas?  For  to  nave  a  full  tide  raifed,  an  extent  of  Sea 
from  caft  to  weft  is  required  of  no  lefs  than  90  de^ 
grees."^n  the  Ethiopic  Sea,  the  waters  rife  to  a  lefs 
height  within  the  tropics  than  in  the  temperate  zones. 
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bccaufe  of  the  narrownefs  of  the  Sea  between  Jfrica 
y^'iJUcTNci^nd  the  fouthern  parts  of  America*     In  the  middle   of 
V^  ffe^  ^^^  ogen  Sea  tKe  waters  cannot  rife  without  filing,  to- 
^^^  4«/  gether  and  at  the  fame  time,  upon  both  the taffern  and 
^lIlT?  *^    weftern  ftioars ;  when  notwi^fhnding  in  our  namco^j^ 
^^^^^^^^'l^Scas,  they  ought  to  fall  oiTtltotc^ihores  \  by  alternate 
turns.     Upon  which  account,  there  is  commonly  but 
jj^V^^     a  Imall  flood  and  ebb  in  fuch  iflands,  ^  ^A^^^'^^^ 
»*       from  the  continentT  On  the  contrary  iirtoin^*^orts, 
T    y^        "where  to  fill  and  empty  the  bays  alternately;  the  wa- 
^i*|vv^    ters  are  with  great  violence  forced  in  and  out  through 
(^..^Yftt  ihallow  chanels,  the  flood  and  ebbmuft  be  greater  thaa 
ordinary,  as  at  Plymouth  and  Chepfiaw-Bridge  in  En^Und^ 
'  at  the  mountains  of  St.  Michack  and  the  town  o?  Aft- 
raphes  in  Normmdjy  and  at  Camhaia  and  Pegn  in  the 
a\viA\\A<jJ^^'^^^^^*     In  thefe  places  the  Sea  is  hurryed  in  and 
'     .        out  with  fuch  violence,  as  fometimes  toTa^  t'Kei^oars^^^ 
Jf^*^^      under  water,  fometimes  to  leave  them  d^,  for  many 
^{^      milgg^     Nor  is  this  force  of.  the  influx  ^Aaefflux  to  be 
.  \  J,}  "broke,  till  it  has  raifed  and  dcpreffed  the  waters  to  30, 
V^^'*  '*     40,  or    50  feet  and  above.    And  a  like  account  is  to 
1     be  given  of  long  and  fliallow  chanels  or  ftreights,  fuch 
^^(\kk(^    as  the  Magellanic  ftreights  and^'thoTe  chanels  which  en- 
viron England.     The  tide  in  fuch  ports  and  ftreights, 
by  the  violence  of  the  influx  and  efflux,  is  augmented 
above  itieafure.     But  on  fuch  ftioars  as  ly  towards  the 
\  N-^v^r,     deep  and  opet^^Sea,  with  ail^ejp  dcfcent,  where  the  wa- 
ters maynmly  rife  end  hU  without  that  precipitation 
of  influx  and  efflux,  the  proportion  of  the  tides  agrees 
yitb  the  forces  of  the  Sun  and  Moon. 

CoR.  2.  Since  the  Moon's  force  to  move  the  Sea 
is  to  the  force  of  gravity,  as  i  to  1871400,  it  is  evi- 
flent  that  this  force  is  far  lefs  than  to  appear  fenfibly 
^n  ftatical  or  hydroftatical  experiments,  or  evca  in  thofe 
of  pendulums.  It  is  in  the  tides  only  that  this  force 
J(li?>i?$  it  felf  by  any  fenfible  egeftj 
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Cor.  3.  Becaufe  the  force  of  the  Moon  to  move 
the  Sea  is  to  the  like  force  of  the  Sun  as  454815  to 
i;  and  thofe  forces  (by  cor.  14.  prop.  66.  book  i.) 
are  as  the  dcnfities  of  the  bodies  of  the  Sun  and  Moon 
and  the  cubes  of  their  apparent  diameters  conjunftly; 
the  denfity  of  the  Moon  will  be  to  the  denfity  of  the 
Sun  as  4^4815  to  i  direftly,  and  the  cube  of  the 
Moon's  diameter  to  the  cube  of  the  Sun's  diameter 
inverfely ;  that  is,  (feeing  the  mean  apparent  diameters 
of  the  Moon  and  Sun  are  51'.  16^".  and  52'.  iz".) 
as  4891  to  1 000.  But  the  denfity  of  the  Sun  was 
to  the  denfity  of  the  Earth,  as  1000  to  4000;  and 
therefore  the  denfity  of  the  Moon  is  to  the  denfity 
of  the  Earth  as  48^  i  to  4000,  or  as  1 1  to  p.  There- 
fore the  body  of  the  Moon  is  more  denfe  and  more  y 
earthly,  than  the  Earth  it  felf.  ^ ' 

'Cor.  4.  And  fince  the  true  diameter  of  the  Moofi,^ 
(from  the  obfervations  of  aftronomersj  is  to  the  true 
diameter  of  the  Earth,  as  loo  to  5(^5,  the  mafs  of 
matter  in  the  Moon  will  be  to  the  mafs  of  matter  in 
the  Earth  as  i  to  59,788. 

CoR.  5.  And  the  accelerative  gravity  on  the  fur- 
face  of  the  Moon  will  be  about  three  times  lefs  thaa 
the  accelerative  gravity  on  the  furface  of  the  Earth. 

Cor.  6.  And  the  diftance  of  the  Moon's  centre  from 
the  centre  of  the  Earth  will  be  to  the  diftance  of  the 
Moon's  centre  from  the  common  centre  of  gravity 
of  the  Earth  and  Moon,  as  40,788  to  39,788. 

CoR.  7.  And  the  mean  diftance  of  the  centre  of 
the  Moon  from  the  centre  of  the  Earth  will  be  (in 
the  Moon's  odtants)  nearly  6o\  of  the  greateft  femi- 
diameters  of  the  Earth.  For  the  greateft  femidiameter 
of  the  Earth  was  i9(S'58(^oo  Paris  feet,  and  the  mean 
diftance  of  the  centres  of  the  Earth  and  Moon, 
confifting  of  6o\'  fuch  femidiameyers,  is  equal  to 
1 187579440  feet.  And  this  diftance  (by  the  pre- 
ceedirtg  corf)  is  to  the  diftance  of  the  Moon's  centre 
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from  the  common  centre  of  gravity  of  the  Earth    and 
Moon,  as  40,788  to  39,788;   which  latter  diftancc 
therefore  is  nf82^8554  feet.     And  fince  the  Moon, 
^  ft^    in  refpeft  of  the  fixt  Stars,  performs  its  revolution  in 
z-j\  7^.  454'.  the  verfed-fine  of  that  angle  which  the 
Moon  in  a  minute  of  time  dcfcribes  is  127515 41  ^  to 
the  radius  1000,000000,000000.  And  as  the  radius  is 
to  this  verfed-fine,  fo  are  1158268534  feet  to  14, 
770(^555  feet.     The  Moon  therefore  falling  towards 
the  Earth,  by  that  force  which  retains  it  in  its  orbi^ 
would   in  one  minute  of  time  defcribe  145770^3  5  5 
feet.     And  if  we  augment  this  force  in  the  proportion 
of  178 -^-f-  to  177-145  we  (hall  have  the  total  force  of 
gravity  at  the  orbit  of  the  Moon,  by  cor.    prop.  5^ 
And  the  Moon  falling  by  this  force,  in  one  minute  of 
time  would  defcribe  14,85380(^7  feet.     And  at  the 
60^^  part  of  the  diftance  of  the   Moon   from  the 
Earth's  centre.  That  is,  at  the  diftance  of  1978^(^575 
feet  from  the  centre  of  the  Earth,  a  body  falling  by 
its  weight)  would,  in  one  fecond   of  time^  likewile 
defcribe  14,85380(57  feet.     And  therefore  at  the  d^T 
ftance  of  19(^15800,  which  compofe  one  mean  femi- 
diameter  of  the  Earth,  a  heavy  body  would  defcribe 
in  falling  15,11175,  or  15  feet,  i  inch  and  4-rr  hnes 
in  the  fam^  time.     This  will  be  the  defcent  of  bodies  in 
^    the  latitude  of  45  degrees.     And  by  the  foregoing 
table  to  be  found  under  prop.  20,  the  defcent  in  tlie 
latitude  of  ?4w  will  be. a  little  greater  by  an  excefs  of 
about  f  parts  of  51  line.     Therefore  by  this  computa- 
tion heavy  bodies  in  the  latitude  of  Pm^  falling  in  vor 
cfio  will  defcribe  15  Paris  feet,  i  inch,  4^1-  lines  ve- 
ry nearly  in  one  fecond  of  time.     And  if  the  gravity 
be  diminifhed  by  taking  away  a  quantity  equal  to  the 
centrifugal    force  arifing  in   that   latitude    from  the 
Earth's  diurnal  motion;   heavy    bodies  falling   ther^ 
will  defcribe  in  dne  fecond  of  time   15  feet,  i  inch, 
?04  ^>  ^^^t    And  with  this   velocity  heavy  bodies 
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do   really  fall  in  the  latitude  of  Parisy  as  we  have 
ihewn  above  in  prop.  4.  and  19. 

Cor.  8.  The  mean  diftance  of  the  centres  of  the 
Earth  and  Moon  in  the  fyzygies  of  the  Moon  is  c- 
qual  to  60  of  the  grcateft  femidiameters  of  the  Earth, 
fubdufting  only  about  one  jo'*'  part  of  a  femidiame-W'^'y^*^ 
ter.  And  in  the  Moon's  quadratures  the  mean  diftance 
of  the  fame  centres  is  60^  fuch  femidiameters  of  the 
Earthf  For  thefe  two  diftances  ^re  to  the  mean  di- 
ftance of  the  Moon  in  the  oft^nts,  as  6^  ^nd  70  to 
^9i'>  by  prop.  28. 

Cor.  9.  The  mean  diftance  of  the  centres  of  the 
Earth  and  Moon  in  the  fyzygies  of  the  Moon  is  (Jo 
mean  femidiameters  of  the  Earth,  and  a  10'^  part  o£ 
one  femidiameter;  and  in  the  Moon's  quadratures  the 
mean  diftance  of  the  fame  centres  is  61  mean  femidia* 
meters  of  the  Earth,  fubdufting  one  50'^  part  of  one 
femidiameter. 

Cor.  10.  In  the  Moon's  fyzygies  its  mean  hori- 
zontal parallax  in  the  latitudes  of  0^30,38,45,52)60,90 
degrees,  is  57'.  20"-  57.  i6\  57'.  ij\\  57'.  12".  57' 
.10".  57.  8".  57'.  4 '.  refpearively. 

In  thefe  computations  I  don't  confider  the  magne- 
tic attraction  of  the  Earth  whofe]  quantity  is  very 
Imall  and  unknown*  If  this  quantity  ftiould  ever  be 
found  out,  and  the  meafures  of  degrees  upon  the  meri- 
dian, the  lengths  of  ifochronous  pendulums  in  difiPer- 
ent  parallels,  the  laws  of  the  motions  of  the  Sea,  and 
the  Moon's  parallax,  with  the  apparent  diameters  of  the 
$un  and  Moon,  ihould  be  more  exaiSly  daermined 
from  phenomena ;  we  ftiould  then  be  inabled  to  bricg  ^m^^kj^^^L 
f {lis  calculation  to  'a  greater  accuracy,    ""^ 
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Proposition  XXXVII.    Problem  XIX. 
To  find  the  figure  of  the  Moon's  body. 

If  the  Moon's  body  were  fluid  like  our  Sea,  the 
ljL\h%MJtci'^  force  of  the  Earth  to  raifc  that  fluid,  in  the  neareft 
and  remoteft  parts,  would  be  to  the  force  of  the  Moon, 
by  which  our  Sea  is  raifed  in  the  places  under  and  op- 
pofite  to  the  Moon,  as  the  accelerative  gravity  of  the 
Moon  towards  the  Earth,  to  the  accelerative  gravity 
of  the  Earth  towards  the  Moon,  and  the  diameter  of 
the  Moon  to  the  diameter  of  the  Earth  conjunftly, 
that  is,  as  ?5)j788  to  i,  and  loo  to  3(^5  conjundly, 
or  as  108 1  to  100.  Wherefore,  fince  our  Sea,  by 
the  force  of  the  Moon,  is  raifed  to  8f  feet;  the  lunar 
fluid  would  be  raifed  by  the  force  of  the  Earth  to  pj 

^ccM/^A<?     ^^^^*     -^"^   ^P°°  ^^^^  actount,    the   figure    of  the 

Moon. would  be  a  fpheroid,  whofe  greatefl:  diameter 

.wVv^^Jto  produced  would  pafs  through  the  centre  of  the  Eartlj, 

f^    "    '       and  exceed   the  diameters   pijrpcndicular  thereto,  by 

i%6  feet.     Such  a  figure  therefore  the  Moon  affefts, 

.         and  muft  have  put  on  from  the  beginning.  O.  E.  /, 

< ' ''  ^  Cor.  Hence  it  is,  that  the  fame  face  of  the  Moon 

always  refpefts  the  Earth ;  nor  can  the  body  of  the 
Moon  poffibly  reft  in  any  other  pofition,  but  would 
return  always  by  a  librarory  motion  to  this  fituation,^ 
But  thofe  librations  however  muft  be  exceeding  flow, ; 

;■,./.' ;.lbecaufe  of  the  weaknefs  of  the  forces  which  excite 
them;  fb  that  thT^face  of  the  Moon  which  ftiould  be 
always  obyerted  to  the  Earth,  may  for  the  reafon  af- 
figned  Fn  prop.  17.  be  turned  towards  the  other  focu^ 
of  the  Moon's  orbit,  without  being  immediately  drawq 
back,  and  converted  again  towards  th^  ^arth^ 
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Lemma     L 

Tf^APE  p  (PL  14.  Fig.  5.)  reprefentthe  Earth 
uniformly  aenjcy  mark  a  with  the  centre  C,  the 
poles  P,p,  and  the  equator  AE;  and  if  about  the 
centre  C,  with  the  radius  CP,  we  fuppofe  the 
fphere  Pape  /(?  be  defcribedy  and  QK  to  denote 
the  plane  on  which  a  right  line^  drawn  from  the 
centre  of  the  Sun  to  the  centre  of  the  Earthy        »     ^^ 
injijis  at  right  angles,  and  farther  fuppofe y  that  ^dkhoi^--^^ 
thefeveral  particles  of  the  whole  exterior  Earth 
Pap  APepE,  without  the  height  of  the  faid  A*^ 
fphere,  endeavour  to  recede  towards  this  fide  and  tW^^^^^^ 
that  fide  from  the  plane  OR,  every  particle  by  a 
force  proportional  to  its  defiance  from  that  plane  ; 
I  fay  in  the  firjl  place,  that  the  whole  force  and 
efficacy  of  all  the  particles,  that  are  fituate  in 
A  E  the  circle  of  the  eauator,  and  difpofed  unin 
formly  without  the  globe,  encmpaffing  the  fame '  ^\^^'^''^''* 
after  the- manner  of  a^im/To  ^ixm^  the  Earth  ^^^^'^ 
about  its  centre,  is  to  tJoe  whole  force  and  efficacy  of 
as  many  particles,  in  that  point  A  of  the  equator 
which  is  at  the  greatefi  diflancefrom  the  plane 
OR,  to  wheel  the  Earth  about  its  centre  with 
alike  circular  motion,  as  i  to  1.    And  that  cir^   ^      .  . 
cular  motion  will  be  performed  about  an  axis  tz'iV^^ 
ing  in  the  common  feSf ion  of  the  equator  and  the    '^  ' ' 
plane  QK. 

For  let  there  be  defcribed  from  the  centre  Ky  with 
.     the  diameter  /L,  the  femicircle  INLK.    Suppofe  the 
jfemicircumference  INL  tp  be  divided  into  innume- 
rable 
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rable  equal  parts^  and  from  the  feveral  parts  N  to  the 
diameter  IL  let  fall  the  fines  NM.  Then  the  fums 
of  the  fquares  of  all  the  fines  NM  will  be  equal  to 
the  fums  of  the  fquares  of  the  fines  KMy  and  both 
fums  together  will  be  equal  to  the  fums  of  the  fquares 
of  as  many  femidiameters  KNi  and  therefore  the  fum 
of  the  fquares  of  all  the  fines  NM  will  be  but  half 
fo  great  as  the  fum  of  the  fquares  of  as  many  femi- 
diameters KN. 

Suppofe  now  the  circumference  of  the  circle  jiE  to 
be  divided  into  the  like  number  of  little  equal  parts, 
and  from  every  fuch  part  F  a  perpendicular  FG  to  be 
let  fall  upon  the  plane  Q^R^  as  well  as  the  perpendicu- 
lar JH  from  the  point  ji.  Then  the  force  by  which 
the  particle  F  recedes  from  the  plane  QRj  will  (by 
fuppofition)  be  as  that  perpendicular  FGy  and  this 
force  multiplied  by  the  diftance  CG  will  reprefent 
the  power  of  the  particle  F  to  turn  the  Earth  round 
its  centre.  And  therefore  the  power  of  a  particle  in 
the  place  F,  will  be  to  the  power  of  a  particle  in  the 
place  A^  2S  FGxGC  to  AHxHC;  that  is,  as  FC^ 
to  AC  ^  I  and  therefore  the  whole  power  of  all  the 
particles  F,  in  their  proper  places  f,  will  be  to  the 
power  of  the  like  number  of  particles  in  the  place  At 
as  the  fum  of  all  the  FC^  to  the  fum  of^  all  the 
AC^^  that  is,  (by  what  we  have  dcmonftrated  before) 
as  I  to  z.  ^  E.  D. 

And  becaufe  the  aftion  of  thofe  particles  is  CTerted 
i  I  Jn  the  diredion  of  lines  perpendicularly  receding  from 
^  '^''^  'the  plane  ^Ry  and  that  equally  from  each  fide^f  this 
plane,  they  will  wheel  about  the  circumference  of  the 
circle  of  the  equator,  together  with  the  adherent  body 
of  the  Earth,  round  an  axe,  which  lies  as  well  in  thq 
plane  OJi,  as  in  that  of  the  equator* 
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Lemma    II. 

«  » 

The  fame  things  JMfumfed,  I  fay  in  thefe-^^^"^^ 
cond  placCy  that  the  totd  force  or  fewer  of  all  the 
-particles  fituated\everj  where) about  thejphere  to  ^tlfu/ 
turn  the  Earth  about  the  faid  axe^  is  to  the     '  *^ 
"wboh  force  of  the  like  number  of  particleSy  uni- 
formly difpofd  round  the  whole  circumference  of 
the  equator  AE  in  thefajhion  if  a  ring^  to  turn   h^^^^ 
the  whole  Earth  about  with  the  like  circular^ 
Tnotian^  as  z  to  ^.  PI.  14.  Fig.  4, 

For,  let  IKh^  any  lefler  circle  parallel  to  theequa* 
tor  jIEj  and  let  Z/,/  be  any  two  equal  particles  ig  this 
circle,  fituated  without  the  fphere  Pap€.  And  if 
upon  the  plane  Q^Ry  which  is  at  right  angles  with  a 
radius  drawn  to  the  Sun,  we  let  fall  the  perpendiculars 
LM,  Im;  the  total  forces  by  which  thefe  particles 
recede  from  the  plane  Q^Ry  will  be  proportional  to  the. 
perpendiculars  LM,  Im.  Let  the  right  line  X/  be 
drawn  parallel  to  the  plane  Pape^  and  bifeA  the  fame 
in  Xi  and  thro'  the  point  X  draw  Nn,  parallel  to  the 
plane  Q^Rp  and  meeting  the  perpendiculars  LMy  Im 
m  N  and  n ;  and  upon  the  plane  QJR  let  fall  the  per- 
pendicular XT.  And  the  contrary  forces  of  the  par- 
ticles L  and  /,  to  wheel  about  the  Earth  contrary-  ^^'^ 
wife,  are  as  LMxMC,  and  ImxmC,  that  is,  as  /.iNT 
xMC-l-^NMxMC,  and  Inx  mC'^nmxmC;  or 
LNxMC-^-NMxMCymALNxmC^NMxmC^ 
zndLNxMm^-^NMxMCJ^mCy  the  difference  of 
the  two,  is  the  force  of  both  taken  together  to  turn 
the  Earth  round.  The,  affirmative  part  of  this  dif- 
ference LNxMm^  or  iLNxNXj  is  to  zAHk  ^ 
HCj,  the  force  of  two  particles  of  the  fame  fize  fitu-iw  :*    ^ 
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tted  in  JJ,  as  LX^  to  AC  ^.  And  the  negative  part 
NjMxMC-'\-mCy  or  iXTxCT,  is  to  lAHxHCj 
the  force  of  the  fame  two  particles  fituated  in  Ay  as 
CX\  to  AC^.  And  therefore  the  difference  of  the 
parts,  that  is,  the  force  of  the  two  particles  L  and  A 
,  <^uv'  taken  together,  to  wheel  the  Earth  about,  is  to  the 
^  force  of  two  particIesT'equal  to  the  former  and  fitua- 

ted in  the  place  A^  ro  turn  in  like  manner  the  Earth 
round,  as  LX^^CX^  to  AC^.  But  if  the  cir- 
.  cumference  IK  of  the  circle  IK  is  fuppofed  to  be  di- 
vided into  an  infinite  number  of  little  equal  parts  Ly  all 
the  LX^  will  be  to  the  like  number  of  /X*,  as  i 
to  2  (by  lem.  i.)  and  to  the  fame  number  of  AC^$ 
as  /AT*  to  lAC^i  and  the  fame  number  oi  CX^y 
to  as  many  AC^y  as  zCX"^  to  lAC^.  Wherefore 
the  united  forces  of  all  the  particles  in  the  circumfe- 
tence  of  the  circle  IK^  are  to  the  joint  forces  of  as 
many  particles  in  the  place  A^  as  IX^  -^iCX^  to 
zAC^l  and  therefore  (by  lem.  i.)  to  the  united 
forces  of  as  many  particles  in  the  circumference  of  the 
circle  AE,  as  /JT*— 2  CJT*  to  AC^. 

Now  if  Pp  the  diameter  "of  the  fphere  is  conceiv'd 
to  be  dividedi  into  an  infinite  number  of  equal  parts, 
upon  which  a  like  number  of  circles  IK  are  fuppofed 
,^  I  \  to.iofiih  the  matter  in  the  circumference  of  every  cir- 
cle IK  will  be  as  /JT*.  And  therefore  the  force  of 
that  matter  to  turn  the  Earth  about  will  be  as  IX^  in- 
to /X*— iCX*.  And  the  force  of  the  fame  mat- 
ter, if  it  was  fituated  in  the  circumference  of  the  cir- 
cle AE^  would  be  as  IX^  into  AC^.  And  there- 
fore the  force  of  all  the  particles  of  the  whole  matter, 
fituated  without  the  fphere  in  the  circumferences  of  | 
all  the  circles,  is  to  the  force  of  the  like  number  of 
particles  fituated  in  the  circumference  of  the  greateft 
circle  AEy  as  all  the  IX^  into  IX^-^i  CX^  to  as 
Piany  IX^  into  AC'y  that  is,  as  all  the  AC^-^-CX' 
into  ^C»— 3CX»  to  as  many  ^C*  —  CJT*  into 
^  AC 
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uiC^  ,thatis,  as  allthcurfC^— 4^C»  xCA"»«|-5  CX^ 
to  as  many  JiC'^'—AC^  x  CJ"*  ,  that  is,  as  the  whote     - 
fluent   quantity    whofe  fluxion    is   -^C*— 4^C»x    ^^'/  f** 
CJT^-l-jCJ^S     to     the    whole    fluent     quantity 
whofe  fluxion  is  jiC^—AC^xCX^;   and  therefore 
by   the  method  effluxions,  as  -rfC^xCJr— f  jiC^ 
^CX^\^CX^     to  ^C^xCJT— f  ^C^xCjr^ 
that  is,  if  for  CX  wc  write  the  whole  Cpf  or  ^C, 
as  -rV  -^C  ^  to  f  u<C  S  that  is,  as  2  to  5.  jg.  £.  2?^ 

Lemma     III. 

The  fame  things  Jiill  fuppofed,  I  fay  in  the  . 

third  place,  that  the  motim  of  the  whole  Eanh'^"^^^  ^^" 
'oBoutiJoe  axe 4liovmamed,  arifmgjrom  the  ^w^cxh^vWvvo 
tiom  of  all  the  particles,  will  be  to  the  motion  of  ^^^^^ 


the  forefaid  ring  about  the  fame  axe,  in  a  /^^^^'\r,u^','^ 
portion  compounded  of  the  proportion  of  the  mat^ 
ter  in  the  Earth  to  the  matter  in  the  ring  ;  and 
the  proportion  of  three  fquares  of  the  quadrantal 
arc  of  any  circle,  to  two  fquares  of  its  diameter, 
that  is,  in  the  proportion  of  the  matter  to  the 
matter,  and  of  the  number  91^17^,  to  the  num- 
ber  lOOOOOO. 

For  the  motion  of  a  cylinder,  revolv'd  about  its 
quiefcent  axe,  is  to  the  motion  of  the  infcrib'd  fphere 
revolv*d  together  with  it,  as  any  four  equal  fquares  to 
three  circles  infcrib'd  in  three  of  thofe  fquares :  And 
the  motion  of  this  cylinder  is  to  the  motion  of  an  ex- 
ceeding ^hm  ring,  furrounding  both  fphere  and  cy-.^//^-'^^ 
linder  in^lHeir  common ;  contad,  as  double  the  mat* 
ter  in  the  cylinder  to  triple  the  matter  in  the  ring : 
And  this  motion  of  the  nng>  uniformly  continued  a- 
'    " ' '~^       ^      '  bout 
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bout  the  axe  of  the  cylinder,  is  to  the  uniform  motion 
of  the  fame  about  its  qwn  diameter  pcrfoym'd  in  the 
fame  periodic  time,  as^the  circumference  of  a  circle  to' 
double  its  diameter. 


Hypothesis     IL 

If  the  other  parts  of  the  Earth  werei^ook  aw^y, ) 
and  the  remaining  ring  was  carried  aim  about 
the  Sun  in  the  orbit  of  the  Earth  by  hw  annual 
X\^^  motion^  whjk  by  the  diurnal  motion  it  was  in  the 
mean  time  revolved  about  its  own  axe^  inclined 
to  the  plane  of  the  ecliptic  by  an  angle  of  i^\  de- 
grees I     the  motion  of  the  equino£tial  points  would 
^^  ^  ^     be  the  fame^  whether  the  ring  were  fluids  or  whe- 
0       ther  it  confijied  of  a  hard  and  rigid  matter. 


v-lr.i^XvO 


VXK 


Proposition  XXXIX.    Problem  XX. 
To  find  the  frecejjion  of  the  equinoxes. 

The  middle  horary  motion  of  thp  Moon's  nodes, 
in  a  circular  orbit  when  the  nodes  are  in  the  quadra- 
tures, was  1 6".  if\  i(J'^.  55^.  the  half  of  which 
8'.  ij'\  38^^.  18^.  (for  the  reafons  above  explain'd^ 
is  the  mean  horary  motion  of  the  nodes  in  fuch  an  or- 
bit, which  motion  in  a  whole  fidereal  year  becomes 
2o<>.  1 1'.  45".  Becaufe  therefore  the  nodes  of  the 
Moon  in  fuch  an  orbit  would  be  yearly  transfer'd  2.0^. 
^\  ^ ;  n'.  46".  in  ajitecedentia-j  and  if  there  were  more  Moons, 
the  motion  of  the  nodes  of  every  one,  T^y  cor.  1 6. 
prop.  66.  book  i.)  would  be  as  its  periodic  time  5  if 
upon  the  furface  of  the  Earth,  a  Moon  was  revolv'd 
in  the  time  of  a  fidereal  day,  the  annual  motion  of 
the  nodes  of  this  Moon  would  be  to  2o°,  i^i'.  ^6". 

as 
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ij^.  5(S'.  the  fidereal  day,  to  xyK  7^.  43'.  the  pe* 

tic  time  of  our  Moon,  that  is,  as  145 (J  to  59545* 

id  the  fame  thing  would  happen  to  the  nodts  of  a 

ig  of  Moons  cncompaffing  the  Earth,  whether  ihefe  tv/c^MjAuic 

loons  did  not  mutually  touch  each  the  other,  or  whe-  Vv^j^^^ 

jcr  they  were  molten  and  form'd  into  a  continued  L^Ji/,^^ 

lag,  or  whether  that  ring  (hould  become  rigid  arid  in^  ^^ 

flexible. 

Let  us  then  fuppofe  that  this  ring  is  in  quantity  of 
matter  equal  to  the  whole  exterior  T^rih  Papj4PepE, 
which  lies  without  the  fphere  P4p€  (kt  Fig.  Letff* 
2.)  and  becaufe  thi^  fphere  is  to  that  ^xteridr  Earthy 
as  aC^    to   jiC^  —  aC^^   that  is,    (feeing  PC  or  ^ 

41 C  the  leaft  femidiameter  of  the  Earth  is  to  jiC  thcA^xMf^'^^*^ 
greateft  lemidiameter  of  the  lame  as  229  to  230^  as 
51441  to  45P>  if  this  ring  ejKompafs'd  the  Earth  ^-•t^-^*^*^*^**^^ 
round  the  equator,  and  both  tbgetEer  were  revolv'd 
about  the  diameter  of  the  ring,  the  motion  of  the  ring  , 
(by  lem.  5.)  would  be  to  the  motion  of  the  inner  v^^t/^^^^ 
fphere,  as  459  to  52441  and  loooooo  to  9251175 
conjundly,  that  is>  as  4590  to  485225 ;  and  therefore 
the  motion  of  the  ring  would  be  to  th^  fum  of  the 
motions  of  both  ring  'and  fphere,  as  4f9o  to  489815. 
Wherefore  if  the  ring  adheres  to  the  fphere,  and  com- 
municates  its  motion  to  the  fphere,  by  which  its  nodes 
or  equinodial  points  recede  :  the  motion  remaining  in 
the  ring  will  be  to  its  former  motion,  as  4590  to 
489815,  upon  which  account  the  motion  of  the  equi- 
noAial  points  willbediminifli'din  the  fame  proportion* 
Wherefore  the  annual  motion  of  the  equinodial  points 
of  the  body,  compofed  of  both  ring  and  fphere,  will 
be  to  the  motion,  20®.  11'.  4<$".  as  145^  to  59545 
and  4590  to  489815  conjunftly,  that  is  as  loo  to 
2925(^9.  But  the  forces  by  which  the  nodes  of  a 
number  of  Moons  (as  we  explained  above)  and  there- 
fore by  which  the  equinoiftial  points  of  the  ring  re- 
cede (that  is  the  forces  5  IT  in  Fig.  prop.  }o  )  are  in  the 

Y  feveral 
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feveral  particles  as  the  diftances  of  thofe  particles  from 
the  plane  jg^^;  and  by  thefe  forces  the  particles  recede 
from  that  plane:  and  therefore  (by  lem^  2.)  if  the  mat- 
.4     u.^^  ter  of  the  ring  was  fprcad  all  over  the  furface  of  the 
Xii\v\ ^    fphere,  after  the /alhion  of  the  figure  PapjiPepE, 
T^^        IQ  order  to  make  up  that  exterior  part  of  the  Earth,  the 
u  i4aJ      ^^^^  ^^^^  ^^  power  of  all  the  particles  to  wheel  about 
<j  the  Earth  round  any  diameter  or  the  equator,  and  there- 

fore to  move  the  equinoftial  points,  would  become  left 
than  before,  in  the  proportion  of  »  to  5.     Wherefore 
I     ,^^    the  annual  r^refi  of  the  equinoxes  now  would  be  to 
fy^\v>r  <^    ^^^^  jji^  ^^/^  ^j  j^  ^^  75opz:  tliat  is,  would   be 

9".  5(5"'.  50i^ 

But  becaufe  the  plane  of  the  equator  is  inclined  to 
that  of  the  ecliptic*  this  motion  is  to  be  diminifh'd 
in  the  proportion  of  the  fine  ^iyo6,  (which  is  the 
co-fine  of  23  f  d^O  to  the  radius  1 00000.  And  the 
remaining  motion  will  now  be  p".  7'".  20^^.  which  is 
the  annual  preceffion  of  the  equinoxes,  arifing  from  the 
force  of  the  Sun. 

But  the  force  of  the  Moon  to  move  the  fea  was  to 
the  force  of  the  Sun  nearly  as  4)4815  to  i.  And  the 
force  of  the  Moon  to  move  the  equinoxes  is  to  that 
of  the  Sun  in  the  fame  proportion.  Whence  the  an- 
nual preceffion  of  the  equinoxes,  proceeding  from  the 
force  of  the  Moon,  comes  out  40'.  52'".  52*^.  and  the 
total  annual  preceffion,  arifing  from  the  united  forces 
of  both,  will  be  50''.  00".  I2»^.  the  quantity  of  which 
motion  agrees  with  the  phacnomcna.  For  the  preceffion 
of  the  equinoxes,  by  aftronomical  obfervations,  is  a- 
bout  50".  yearly. 

If  the  height  of  the  Earth  at  the  equator  exceeds 
its  height  at  the  poles  by  more  than  17 J  miles,  the 
matter  thereof  will  be  more  rare  Aear  the  furface,  than 
at  the  center;  and  the  preceffion  of  the  equinoxes  will 
be  augmented  by  the  cxc^Cs  of  height,  and  diminiflied 
by  the  greater  rarity. 

4  And 


Digitized  byVjOOQlC 


Book  III.    of  Natural  Thilofophy.  32 j 

And  now  we  have  defcribed  the  fyftem  of  the  Sun» 
the  Earth)  Moon  and  Planets,  it  (remains]  that  we^add  ) 
fomethiog  about  the  Comets.        r^^^***^  ^  #C^4.4^^ 

L    E    M    M   A       IV. 

That  the  Comets  are  higher  than  the  Moon^ 
and  in  the  regions  of  the  Tlanets. 

As  the  Comets  were  placed  by  aftronomers  above 
the  Moon  becaufe  they  were  found  to  have  no  diumd 
parallax;  fo  their  annual  parallax  is  a  convincing  proof  of 
cheir  defcending  into  the  regions  of  the  Planets.  For  all  the 
Comets  which  move  in  a  direft  courfe  according  to  the 
order  of  the  figns,  about  the  end  of  their  appearance  -y^M^^^ , 
become  more  tmn  ordinarily  flow  or  retrc^rade,  if  the  '4^^'^'^ 
Earth  is  between  them  and  the  Sun :  and  more  than  or- 
dinarily fwift,  if  the  Earth  is  approaching  to  a  helio-  ^d^ui^ 
centric  oppofltion  with  them.    Whereas,  on  the  other 
hand,  thofe  which  move  apainft  tEe  order  of  the  fjgns»   c  y\\A  ^  ^ 
towards  the  end  of  their  appearance,  appear  fwifter  than  ^(^^A^i*i 
they  ought  to  be,  if.  the  Earth  is  between  them  and  lAti^AvtiiA.- 
the  Sun;  and  flower,  and  ^perhaps  retrograde,  if  the^^,  tk^^ 
Earth  is  in  the  othef  fide  otitsorbir.    And  thefe  ap- 
pearances proceed  chiefly  from  the  diverfe  fituations  j^vv  Ntwy^^- ^ 
which  the  Earth  acquires  in  the  courfe  of  its  motion,     '^"^ 
after  the  fame  manner  as  it  happens  to  the  Planets,  which  ^  ^ 

appear  fometimes  retrograde,   fometimes  more  flowjy,  ums^^^"  ^ 
and  fometimes  more  fwiftly,  progreflive,  according  as  TA/ti*^****^^'' 
the  motion  of  the  Earth  falls  in  with  that  of  the  Pla-  ^\u^x^^k 
net,  or  is  direded  the  contrary  way.     If  the  Earth 
move  the  fame  way  with  the  Comet,  but,  by  an  angu- 
lar motion  about  the  Sun,  fo  much  fwifter  that  right  ^h^v  v-i^i 
lines  drawn  from  the  Earth  to  the  Comet  converge  to- 
wards the  parts  beyond  the  Comet;  the  Comet  feca  tixX^y'^li-l 
from  the  Earth  becaufe  of  its  flower  motion  will  ^p-^^.^^'uj  ^ 

Y^-r—  pear 
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pear  retrograA  ;  and  even  ^if  the  Earth  is  flower  than 
the  Comet,  the  motion  of  the  Earth  being  iubduAed, 
h  vtA^cv<rA  «h^  motion  of  the  Comer  will  at  kaft  appear  retarded. 
But  if  the  Earth  tends  the  contrary  way  to  that  of  the 
Comet,  the  motion  of  the  Comet  will  from  thence  ap- 
pear accelerated.     And  from  this  apparent  acceleration, 
or  retardation,  or  regreflive  motion,  the  diftance  of  the 
Comet  may  be  inferr'd  in  this  manner.    Let  T  QA$ 
TO  By  roc  (PL  15.  i^.  I.)  be  three  obferved  Ion- 
git^es  of  tlie  Comet  about  the  time  of  its  firft  ap- 
tUiviv^*-    pearing,  and  TQF  its  laft  obferved  longitude  bdfore 
Its  di^ppearing.    DrawlHe  right  line  jiBC^  wbofe 
parts  jiBy  B  C,   intercepted  b^ween  the  right  lines 
j2y<  and  QBy  O^B  and  0C»  may  be  one  to  the  other, 
as  the  two  times  between  the  three  firft  obfervatiofis* 
wv<xt^yw«^  Produce  ^C  to  Gy  fo  as  j^G  may  be  to  jiB  as  the 
^^^^^   tune  between  the  firft  and  laft  obfervaiion  to  the  tiflie 
between  the  firft  and  fecond  ;  and  join  QJ3.    Now  if 
\vojcc        the  Comet  did  move  uniformly  in  a  right  line,  and  the 
^^^    Earth  eitheP^ood  ftill,  or  was  Ukewife  carried  for- 
\M-i(*^^  }[        ^ards  in^^figKt  litie  by  an  uniform  motion :  the  angle 
TjQ^G  would  be  the  longitude  of  the  Comet  at  the 
time  of  the   laft  obfervation.     The  angle  therefore 
FQGy  which  is  the  difference  of  the  longitude,  pro- 
ceeds from  the  inequality  of  the  motions  of  the  Comet 
and  the  Earth.     And  this  angle,  if  the  Earth  and  Co- 
met move  contrary  ways,  is  added  to  the  angle  Y  Q^G^ 
and  accelerates  the  apparent  motion  of  the  Comet,  But 
if  the  Comet  move  the  fame  way  with  the  Earth,  it  is 
fubtraded,  and  either  retards  the  motion  of  the  Co- 
it-(  vm:^>,    niet,  or  perhaps  renders  it  retrograde,  as  we  have  but 
j  vU.va^^^^  inow  explamedT-  This  angle  therefore,  proceeding  chiefly 
-uvit  v^  V"^    From  the  motion  of  the  Earth,  is  juftly  to  be  efteem'j 
,.tA  X  v^  ft  rtr     the  parallax  of  the  Comet ;  neglefting,  fto  wit  J  fbmc 
v<  t'.*  *^^^        little  increment  or  decrement  that  may  a7ife  from  the 
'  unequal  motion  of  the  Comet  in  its  orbit.    And  from 
'  this  parallax  we  thus  deduce  the  diftance  of  the  Comet. 

Let 
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Let  .y,  (Ph  1 5 .  Fig.  2 .)  rcprefent  the  Sun,4i  c 7*thc  orbis  mag^ 

»iij,  4  the  Earth's  place  in  the  firftobfervation,c  the  place 

df  the  Earth  in  the  third  obfcrvation,  T  the  place  of 

the  Earth  in  the  laft  obfervation,  and  ZlT  a  right  line 

drawn  to  the  beginning  of  Aries*  (Stt  oflFjthc  angle  ^<t^''^^ 

V  TP\  equal  to  the  angle  Y  OF,  that  is,  equal  to  the 

longitude  of  the  Comet  at  the  time  when  the  Earth  is 

in  Ti  join  a  c,  and  produce  it  to  gy  fo  as  4  ^  may  be 

to  acy  as  AG  to  ACi  and^  will  be  the  place  at  which 

the  Earth  would  have  arrived  in  the  time  of  the  laft 

obfervation,  if  it  had  continued  to  move  uniformly  ia 

the  right  line  ac.    Wherefore  if  we  draw  g  v>  parallel 

to  TXf  and  make  the  angle  T  gK  equal  to  the  angle 

S*  OGy  this  angle  T^/^willbe  equal  to  the  longitude 

of  the  Comet  feen  from  the  place^,  and  the  angle  TF'g 

will  be  the  parallax  which  arifes  from  the  Earth's  being 

transferr'd  from  the  place  g   into  the  place  Ti  and?/^^'^*^^^^'^ 

therefore  y  will  be  the  place  of  the  Comet  in  the 

plane  of  the  ecliptic.     And  this  place  f^  is  commonly  t     ' 

lower  than  the  orb  of  Jupiter.  ^^v<vi     ^/ 

The  fame  thing  may  be  deduced  from  the  incur- 
vation of  the  way  of  the  Comets.  For  thefe  bodies 
move  almoft  in  great  circles,  while  their  velocity  is 
great,  but  about  the  end  of  their  courfe,  when  that 
part  of  their  apparent  motion  which  arifes  from  the 
parallax  bears  a  greater  proportion  to  their  whole  ap-  /wwu  ;j  /' 
parent  monoli,  they  commonly  deviate  from  thofe  cir- 
cles, and  when  the  Earth  goes  to  one  fide,  they  devi- 
ate to  the  other.  And  this  deflexion,  becaufe  of  its 
correfponding  with  the  motion  of  the  earth,  muft  arife  ^ 

ghiefly  from  the  parallax.  And  the  quantity  thereof  is  y^^^^f^  t^ 
fo^coniiderable,  as,  by  my  computation,  to  place  the 
difippearing  Comets  a  good  deaLlower  than  Jupiter. /v^v^^^^t 
Whence  it  follows  that  wEeii^ey  approach  nearer  to 
us  in  their  perigees  and  perihelions,  they  often  de- 
fccnd  below  the  orbs  of  Mars  and  the  mferior  Pla- 
nets. A<^'«^ 
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The  near  approach  of  the  Comets  is  further  confirm* 
.  ed  from  the  light  of  their  heads.    For  the  light  of 

C  at>cw  j^j^j^j  jjQ jy^  illuminated  ByTHe  Sun  and  neceding  t 
-idci^^^^ftmoit  parts,  is  diminiftied  in  the  quadruplicate  propor 
tion  of  the  diftance ;  to  wit,  in  one  duplicate  propor- 
tion, on'  account  of  the  increafe  of  the  diftance  from 
the  Sun,  and  in  another  duplicate  proportion,  on  ac« 
count  of  the  decreafe  of  the  apparent  diameter.  Where- 
fore if  both  the  quantity  of  light  and  the  apparent  di- 
ameter of  a  Comet  are  given,  its  diftance  will  be  alfo 
given,  by  taking  the  diftance  of  the  Comet  to  the 
diftance  of  a  Planet,  in  the  direft  proportion  of  their 
diameters  and  the  reciprocal  fubduplicate  proportion  of 
their  lights.  Thus  in  the  Comet  of  the  year  itfSz,  Mr. 
FUmftead  obferved  with  a  telefcope  ol  16  feet,  and 
meafured  with  a  micrometer,  theJUaft  diameter  of  its 
head,  i'.  oo.  But  the  nucleus,  or  ftar  in  the  middle 
of  the  head,  fcarcely  amounted  to' tlie  tenth  part  of 
this  meafure  ,*  and  therefore  its  diameter  was  only  1 1" 
or  ii".  But  in  the  light  and  fplendor  of  its  head,  it 
furpafs'd  that  of  the  Comet  in  the  year  1680.  and 
might  be  compared  with  the  Stars  of  the  firft  or  fe« 
cond  magnitude.  Let  us  fuppofe  that  Saturn  with  its 
ring  was  about  four  times  more  lucid ;  and  becaufe 
the  light  of  the  ring  was  almoft  equal  to  the  light  of 
the  globe  within,  and  the  apparent  diameter  of  the 
globe  is  about  21".  and  therefore  the  united  light  of 
both  globe  and  ring  would  be  equal  to  the  light  of  a 
globe  whofe  diameter  is  ;o".  it  follows  that  the  diftance 
of  the  Comet  was  to  the  diftance  of  Saturn,  as  i  to 
V^4  inverfly  and  ii"  to  50  diredly;  that  is,  as  14 
to  JO,  or  4  to  5.  Again  the  Comet  in  the  month 
of  uipril  i(J<Jj,  as  HcvcUhs  informs  us,  excelled ^- 
moft  all  the  fixt  Stars  in  fplendor,  and  even  Saturn 
it  felf,  as  being  of  a  much  more  vivid  colour.  For 
this  Comet  was  more  lucid  than  that  other  which 
had  appeared  about  the  end  of  the  preceding  year  and 
.  h^i  been  compared  to  the  Stars  of  the  firft  magnitude. 
"  Tht 
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Xhe  diameter  of  i»  head  was  abouc  6'.  but  the  nu- 
cleus,  compared  with  the  Planets  by  means  of  a  tele-  1 

fcope,   was  pjamly  lefs  than  Jupiter;  and  fometimes/]V<^^^^^ 
fudged  lefs,  lonSetimes  judged  equal  to  the  globe  of 
Saturn  within  the  ring.    Since  then  the  diameters  of  . 

the    heads  of  the  Comets  feldom  exceed    8'  or  iz.-io^o^^'^'^ 
and  the  diameter  of  the  nucleus  or  central  ftar  is  but^tr^ouwv'^^ 
about  a  tenth  or^jMjr^jjs^  fifteenth  part  of  the  diame-^c4.<M»^ 
ter  of  the  head ;  it  appears  that  thefe  flars  are  gene* 
rally  of  about  the  fame  apparent  magnitude  with  the 
Planets.     But  in  regard  their  light  may  be  often  com- 
pared with  the  light  of  Saturn,  yS^  and  fometimes  ex-VeVA^Y^i***** 
ceeds  it;  it  is  evident>  that  all  Comets  in  their  peri- 
helionsy  muft  either  be  placed  below,  or  not|far  above  Aiiy^  ^ 
Saturn.     And  they  are  much'^ftaken,  who/fSmove^fc^v/H-*^'^^ 
them  almoft  as  far  as  the  fixt  Stars.    I'or^ tt  was  (09 
the  Comets  cc>uld  receive  no  more  light  from  our  Sun> 
than  our  Planets  do  from  the  fixe  Stars. 

So  far  we  have  gone,  without  confidering  the  ob- 
fcuration  which  Comets  fuffer  from  that  plenty  of  A^Wvva4.vt4il 
thick  fmoak,  ^  which  ^encomjMfreth  their  heaaspand^^^,,^5^(^^^.. 
througli  wRicn  the  heads^'al^^s  fliew  dull,\s  through  ij^UH  21^  7 
a  cloud.     For  byvbow  mach^the  moreTBody  is  ob-^vwA^.'" 
fcuxeJ'by  this  imoa^^y  fo  much  the  more  near  it 
rouft  be  allowed  to  come  to  the  Sun,  that  it  may  yj^V^  sK,s^\\ic 
with  the  Planets  in  the  quantity  of  light  which  it  re- 
fleSs.     Whence  it  is  probable  chat  the  Comets  defcend 
far  below  the  orb  of  Saturn,  as  we  proved  before  from  ^v^^'^^i^v 
their  parallax.     But  above  all  the  thing  is  evinced  from 
their  tails,  which  muft  be  owing  either  to  the  Sun's 
light  reflefted  by  ajgioke  arifing  from  them,  and  dif-  !v\>>^*^  ^ 
perfing  it  felf  through  the  aether,   or  to  the  light  of 
their  own  heads.     In  the  former  cafe,  we  muft  (borteo  y^''"V* - 
the diftance  of  the  Comets,  Jeft  we  be  obliged  toafio^ ^<vT.^r . 
that  the  finoak  arifing  from  their  heads,  is  propagated  "^  ^  ***'"* 
through  fuch  a  vaft  extent  of  (pace  and  with  fuch  a 
vdocity  and  expanfion,  as  will  (eem  altogether  incce^y.^ittty 

Y  4     ^^  dible. 


Digitized  byVjOOQlC 


J28  Mathematical  principles    Book  III. 

dibk.     In  the  latter  cafe,  the  whole  light  of  both 

cA,&^      bead  jnd  tail  is  to  be  afcribed  to  the  central  nucfettt. 

But  then  IT  we  fuppofc  all  this  light  to  be  united  and 

condens'd  within  the  difc  of  the  nucleus,  certainly  the 

nucleus  will  by  far  exceed  Jupiter  it  felf  in  fplendor, 

especially  when  it  emits  a  very  large  and  lucid  taiL 

It  therefore,  under  a  lefs  apparent  diameter,  it  refleds 

Hiorc  light,  it  muft  be  much  more  illuminated  by  the 

Sun»  and  therefore  much  nearer  to  it.    And  the  fame 

argument  will  bring  down  the  heads  of  Comets  fome-^ 

times  within  the  orb  of  Venus,  viz,,  when  being  hid'; 

h  under  the  Sun's  rays,  they  emit  fuch  huge  and  fplendid 

J.^'^^^^Sails,  like  beams  o^  jpre,  as  fometimcslhej^  do.    For  if 

i'/i.%v  <  v^Nall  that  ligTirwas  fuppofel  to  be  gathered  together  into 
*^  U/T I ^  (U'    one  Star,  it  would  fometimes  exceed^ot  one  Venus  only, 
but  a  great  many  fuch  united  into  one. 

ii\i*vL^xt'.A^  jysfiiy*  the  fame  thing  is  infcr'd  from  the  light  of 

I  ^,^^^^  theheaos,  which  increafes  in  the  recefs  of  the  Comets 
fromtKe  Earth  towards  the  Sun;  anddecreafes  in  their 
return  from  the  Sun  towards  the  Earth.  For  fo  the 
Comet  of  the  year  166^  (by  the  obfervations  of  /ft* 
vcUhs)  from  the  time  that  it  was  firft  feen,  was  always 
^  V.  .,  *t^  lofing  of  its  apparent  motion,  and  therefore  hadjlreadyv^y 

\  pafled  its  perigee ;  but  yet  the  fplendor  of  its  head  was 

^,^.(^0*^7 daily  increafing,  till  being  hid  under  the  Sun's  rays, 
the  Comet  ceas'd  to  appear"!  The  Comet  of  the  year 
1685  (by  the  obfervations  of  the  fame  Heveiius)  about 
the  end  of  Juljy  wfien  it  firft  appeared,  moved  at  a 
very  flow  rate,  advancing  only  about  40  or  45  minutes 
in  its  orb  in  a  day's  time.  But  from  that  time  its  di- 
urnal  motion  was  continually  upon  the  increafe,  till 

^^Uv^<\/A  Seftember  4,  when  it  arofe  to  about  5  degrees.  And 
therefore  in  all  this  interval  of  time,  the  Comet  was 
approaching  to  the  Earth.  Which  is  likewife  proved 
from  the  diameter  of  its  head,  meafured  with  a  micro- 
meter. For  Mgufl  6.  Heveiius  found  it  only  6'.  05"' 
including  the  cfima^  which  Sept.  i.  he  obfirved  to  be 
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p^.oy'*.  and  therefore  its  head  appeared  firr  left  about  the 
beginning,  than  towards  the  end  of  the  motion  :^ho*  about  ^>^^^^. 
the  beginning,  becaufe  nearer  to  the  Sun,  it  appeared 
far  fiKM-e  Itrc^  than  towards  the  end>  as  the  fame  Ht'- 
tfeliMs  cfcclarcs.     Wherefore  in  all  this  lotenral  of  time, 
on  account  of  its  recefs  from  the  Sun,  it  decreased  in 
fp)endor,  notwithftanding  its  accefs  towards  the  Earth.&^  vt.s^i  ^^ 
The  Comet  of  the  year  itfiS  ibout  the  middle  of  De^ 
ctmbeTi  and  that  of  the  year  1680,  about  the  end  of 
the  fame  month,  did  both  move  with  their  greateft  ve- 
locity, and  were  therefore  then  in  their  perigees.    But 
the  greateft  fplendor  of  their  heads  was  lecn  two  weeks, 
before,  when  they  had  juft  got  clear  of  the  Sun's  rays; 
and   the  greateft  fplendor  of  their  tails,  a  Httle  more  ccrlM 
early,  when  Y^t  nearer  to  the  Sun.    The  Ij^dof  thC(^4j^.^.N^tr 
former  Comet^according  to  the  obfervation?^  C;r/2i- 
tHs)  December  i.  appeared  greater  than  the  Stars  of  the 
firft  magnitude,  and  December  16.  (then  in  the  perigee) 
it  was  but  little  diminilhed  in  magnitude,  but  in  the, 
fplendor  and  briglunefs  of  its  light,  a  great  deaL    Ja^  ^^[(iui^^^ 
nuarj  7,  Kepler  being  .uncertain  about  the  Jhj^^|jeft  o£F )  ct/ia/ 
obferving.     December^'ti^uit  head  of  theiatteTtomet 
was  feen  and  obferv'd  by  Mr.  FUmftead^  when  but  9^^'^^^^^  f<^ 
degrees  diftant  from  the  Stin ;  which  is  fcarcely  to  be 
done  in  a  Star  of  the  third  magnitude.     December  ly 
and  17.  it  appeared  as  a  Star  of  the  third  magnitude* 
its  luftre  being  dirtiiniftied  by  the  brightnefs  of  the 
t^  clouds  near  the  jetting  Sun*  I)i?ffiw^fr  i5.  when  it  mov'd  ^^^"^^ 
wltlTthe  greatelTvclocity,  being  almoft  in  itS/  perigee, 
it  was  lefs  than  the  mouth  of  Pegafus^  a  Star  of  the  ^^%'.tl 
third  magnitude.     Jan.  5.  it  appeared  as  a  Star  of  the 
fourth.  Jan.  p.  asoneof  the  fifth.  Jan.  ij.  it  was  hid r'^^^^''"^^ 
by  the  fplendor  of  the  Moon  then  in  her  increafe.   Ja-  iix.  dU^ 
mary  z^.  it  was  fcarcely  equal  to  the  Stars  of  the  fe- j^e<s^i*.*^tv.*c 
Tenth  magnitude.    If  ^e  compare  equal  intervals  of 
time,  on  one  fide  and  on  the  other,  from  the  perigee, 
we  ib^U  find  that  the  head  of  the  Comet,  .which  at 
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both  intervals  of  timc»  waschir,)  but  lyep  equally,  re- 

/    ..    ,  inov*d  from  the  £arth>and(hould  have  therefore  flione 

y^^^;  vith  equal  fplendor,  appeared  brightcft  on  the  fide  of 

^  "^^^"^  the  perigee  towards  the  Sun;  and  dilappeared  on  the 

other.     Therefore  from  the  great  difiPerence  of  light 

in  theone  fituation  and  in  the  other,  we  conclude  the  great 

^n«^  t  NvU  *ivicinity  of  the  Sun  and  Comet  in  the  former.    For  the 


^  U^^  TigBTof  Comets  ufes  to  be  regular,    and  to  appear 

^  ^^i,?*^^^  ^^^^  ^Ki^^  ^^^^  ^J™ft>  ^^  ^^  therefore 
^NXi.^  ^^f^*Sn  their  perigees /excepting  in  foiar  as  it  is  increafedbjr 
^        their  neamels  to  the  Sun. 
/^Vi  tt(^      Cor.  I.  Therefore  the  Comets  fcinc  by  the  Sun'& 
light)  which  they  refled. 

CoR.  2.  From  what  has  been  faid,  we  may  likewife 

^ yN^NX^ ^ ^^^^  fandcrft^odf  why  Comets  are  fo  frequently  feen  in  that 

^^^f V'^^^^tcmifphere  m  which  the  Sun  is,  and  fo  feldom_in  the 

^'^^^'''*'    other.    If  they  were  vifible  in  the  regions  far  above 

Saturn,  they  would  appear  more  frequently  in  the  pans 

oppofite  to  the  Sun.     For  fuch  as  were  in  thofe  parts 

. .  ^     would  be  nearer  to  the  Earth,  whereas  the  pretence  of 

'"''  T'^he   Sun  muft   obfcure  and   KSTlhofe  that   appear 

^^       1<.  ^  ^^^  hcmifphere  in  which  l^is.    Yet  looking  over 

\    \r*^v^-*"  the  hiftoiy  of  Comets,  I  fino^that  four  or  five  times 

more  have  been  feen  in  the  hemifphere  towards  the  Sun, 

than  in  the  oppofite  hemifphere;  befides,  without  doubt, 

J    ,    not  a  few,  which  have  been  hid  by  the  light  of  the 

^!  '  Sun.  (T^^^  Comets  defcending  into  our  parts  neither 

"^  emit  tails  nor  are  fo  well  illuminated  by  the  Sun  as  to 


C  t  v*  ^ 


,  -f^difcover  themfelves  to  our^naked  eyes,) until  they  are 
/.vvwj'  "^^  ?^come  nearer  to  us  than  Jupiter.  But  the  Jar  greater 
*'  ''  '  V  part  of  that  fpherical  fpace,  which  is  defcrib'd  about 
.  Ac^  the  Sun  with  fo  fmall  an  interval,  Ji^  on  that  fide  of 
the  Earth  which  regards  the  Sun;  aad  the  Comets  in 
that  grater  part  are  commonly  more  ftrongly  il- 
luminated, as  being  for  the  moifl;  part  hearer  to  the 
Sun* 

CoR. 


Digitized 


byGoOglp 


Book  III.    of  Natural  Thilofophy.  jj  i 

Cor.  3*  Hence  alfo  it  is  evident,  that  the  celeftial 
ipaces  arc  void  of  refiftance.    For  though  the  Comets  iu^^*f*^ 
are  carried  in  oblique  patt^Sji  and  fometimes  contrary  toeaAv^^vv'"^ 
the    courfe  of  the  Planets*  yet  they  moveCevery  way  j^(vtv<^M 
with  the  greateft  frecdoiP3  and  prekrve  their  motions/ *£*/ ti 
for  an  exceeding  long  luhe^  even  yihsif  contrary  to  thtTj^l^^^ 
coarfe  of  the  Planets.    I  agi  out  in  my  judgment,  if  ^^tW*^ 
they  are  not  a  fort  of  PlanetsjYevolving  in  orbits  retum- 
ing  into  themfelves  with  a  perpetual  motion.    For  as 
to  what  fome  wiitys  contend,  that  they  are  no  other  ^m I* '^^^^^ 
than  meteors»^l^imo  Ibis  opinion  by  the  perpetual  ^uAa^i:^*'^ 
changes  that  happen  to  their  heads,  it  fecms  to  have  /ia./ccc. 
no  foundation.    For  the  heads  of  Comets  are  encom-  u.^c<M\a4J^ 
j^aflcd  withjiuge  atmofpheres,  and  the  lowermoft  part^  ^^uaaJ^ 
of  thefe  atmolpEeres  muft  be  the  denfeft.     And  there- 
fore it  is  in  the  iclouds  only,  not  in  the  bodies  of  the  .>\vvU.i 
Comets  themfelves*  that  thefe  changes  are  feen.    Thus 
the  Earth,  if  it  was  viewed  from  the  Planets,  would,  a^^^°^  ^ 
v^ithout  all  doubt,  (hine  by  the  light  of  its  clouds,  and  ^^lU  v 
the  folid  body  woulcTlcarccly  appear  through  the  fur-  ^^k^)*^^*^^^ 
rounding  clouds.    Thus  alfo  the  bejts  of  Jupiter  are /*/<^-^^^^ 
form'd  in  the  clouds  of  that  Planet,  for  they  change 
their  pofltion  one  to  another,  and  the  folid  body  of    ...  . 

Jupiter  is  hardly  to  be  keti  through  them.     And  much^^/'^''^ 
more  raufFthe  bodies  of  Comets  be  hid  under  their  (K<^Ct:«-  ■*  f 
atmofpheres,  which  are  both  deeper  anJ"thickcr. 
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Proposition  XL*     Theorem  XX. 

Thddi^  the  Comets  tnove  mfome  of  the  conic 
feEiions^  having  their  foci  in  the  center  of  the 
Sun  5  and  by  radij  drawn  to  the  Sun  defcribe 
areas  proportional  to  the  times. 

This  propofition  appears  from  cor.  i .  prop,  i  j .  book  i . 
compared  with  prop.  8.  iz.  and  13.  book  3. 

Cor.  I.  Hence  if  Comets  are  revolv'd  in  orbits  re- 
turning into  themfelves,  thofe  orbits  will  be  ellipfes ; 
and  their  periodic  times  be  to  the  periodic  times  of  the 
Planets  in  the  fefquiplicate  proportion  of  their  prin- 
cipal axes.  And  therefore  the  Comets,  which  for  the 
moft  part  of  their  courfe  are  higher  than  the  Planets, 
and  upon  that  account  defcribe  orbits  with  greater  axes, 
will  require  a  longer  time  to  finifti  their  revolutions. 
Thus  if  the  axe  of  a  Comet's  orbit  was  four  times 
greater  than  the  axe  of  the  orbit  of  Saturn,  the  time 
of  the  revolution  of  the  Comet  would  be  to  the  time 
of  the  revolution  of  Saturn,  that  is,  to  50  years,  as 

4  V' 4  (or  8)  to  I,  and  would  therefore  be  240  years. 

Cor.  2.  But  their  orbits  will  be  fo  near  to  para- 
^  bolas>    that  parabolas  may  be  us'd  for  them  without 
Ai%\       ftnfible  error. 

Cor.  5.  And  therefore  by  cor.  7.  prop.  16.  book  i. 
the  velocity  of  every  Comet  will  always  be  to  the  ve- 
locity of  any  Planer,  fuppos'd  to  be  revolv'd  at  the 
fame  diftance  in  a  circle  about  the  Sun,  nearly  in  the 
fubdupJicare  proportion  of  double  the  diftance  of  the 
Planet  from  the  centre  of  the  Sun,  to  the  diftance  of 
the  Comet  from  the  Sun's  centre  very  nearly.  Let  us 
fuppofe  the  radius  of  the  orbis  magnus^  or  the  grcateft 
femidiameter  of  the  ellipfe  which  the  Earth  defcribes, 

to 
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CO  confift  of  loooooooo  parts;  and  then  the  Eirtji 

by  its  mean  diumal  mocion  will  delcribe  1720211  of 

thofe  pares,  and  yt6j^\  by  its  horary  motion.     And  I 

cfaerefore  the  Comet,  at  the  lame  mean  diftance  of  the 

Barth  from  the  Sun,  with  a  velocity  which  is  to  the 

velocity  of  the  Earth  as  v^  2  to  i,  would  by  its  diut- 

nal  nxnion  defcribe  2431747  parts,  and  1015^4^  parts 

by  its  horary  motion.    But  at  greater  or  left  diflances 

both  the  diurnal  and  horary  motion  will  be  to  this  di^ 

4anud  and  horary  motion    in  the    reciprocal   fubdct- 

plicate  proportion  of  the  diftances,  and  is  therefore 

given. 

CoR^  4.  Wherefore,  if  the  Uim  reSlum  of  the  pa- 
rabola is  quadruple  of  the  radius  of  the  ortis  m^nms^ 
and  the  fquare  ot  that  radius  is  fuppos'd  to  coti(m  of 
100000000  parts  :  the  area  which  the  Comet  will 
daily  defcribe  by  a  radius  drawn  to  the  Sun  will  be 
iiitfj73f  parts;  and  the  horary  area  will  be  5 0^81  J 
parts.  But  if  the  latms  reSum  is  greater  or  lefs  in  any 
proportion,  the  diurnal  and  horary  area  will  be  lefs  or 
greater,  in  the  fubduplicate  of  the  fame  proportion  re* 
ciprocaJly. 

Lemma     V. 

To  find  a  curve  line  of  the  parabolic  kind^  ^^"^W'  ^ 
which  fball  pafs  through  any  given  nim^erof   ' 
points.  PI.  15.  Fig.  3. 

Let  thofe  points  be  -4  B,  C,  D,  £,  F,  &c.  artd  from 
the  fame  to  any  right  Gne  H  N»  given  in  pofition,  lee 
fall  as  many  pcrpendtculars  uiH^  BI,  CK,  DLyEM^ 
FN,  8cc. 

Cafi  I.  If  HT,  IK,  KL.8CC.  the  intervals  of  the 
faints  H,  I,  K,Lf  My  N,  &c.  are  equal,  take  ^*  2^,  5  bt 

4*, 
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4^,  5  kj  6cc.  the  firft  di£Fiereiic€s  of  the  perpendiculars 
AH»  BI9  CKf  8cc.  their  fecond  differences  c^  %€$ 
ZC9  4^>  &c.  their  third »  df  tdf  xd^  Sec.  that  is  to 
fay,  fo  as  jUfSI  may  be=^,  BI-^CK—  zh 
CKr-DLzn  5  *,  DU\^EM—Ach^--EM^TN- 
5  ^9  &c.  then  ^—2  ^=^3  &c.  and  fo  on  to  the  laft  dif* 
ference^  which  is  here/.  Then  ercfting  any  perpen- 
dicular RS  9  which  may  be  confidered  as  an  ordinate  of 
the  curve  required;  in  order  to  find  the  length  of  this 
ordinate)  fuppofe  the  intervals  ITA  IKy  KL,  LM9 
&c.  to  be  units,  and  let  ^/f =4,  — HS=py  i^  in- 
to— IS=4i^  jij  into4-^^='*»  5rinto^-iy£=x,  f/ 
into  -^-SM—t;  proceeding,  to  wit,  to  ME,  the  laft 
perpendicular  but  one>  and  prefixing  negative  (igns  be- 
r  ?  fore  the  terms  HS,  IS,  &c.  which  ]yc  from  S  to- 

4,MHa  ^^ds  -^;  and  aflSrinative  figns  before  tHe  terms  JiT, 
S  Lt  &c.  which  lie  on  the  other  fide  of  the  point  S.  And 
obferving  well  the  figns,  ^^  will  be=44-*^4^f + 
4/r+  €  $^-  /^,+  ^^» 

Qifi  1.  But  if  ///,  IK,  &€.  the  intervals  of  the 
points  H^  I,  K,  L»  &c.  are  unequal,  take  b^  zb,  3  ^>  4  b, 
5  b^  Sec.  the  firft  differences  o^  the  perpendiculars  AH, 
BI,  CK,  &c.  divided  by  the  intervals  between  thofe 
perpendiculars ;  f,  2  c,  ;  c>  4  c,  &c.  their  fecond  dif- 
ferences divided  by  the  intervals  between  every  two; 
d,  2  </,  5  </,  &c.  their  third  differences,  divided  by  the 
6u^^iw  interval  between  every  three;  e,  t  e,  &c.  their  jourth 
differences,  divided  by  the  intervals  between  everyToun 
-  and  fo  forth;  that  is,  in  fuch  manner^  that  b  may  be=: 
A^    uiH—'BI       ,        BI-'CK      ,       CK--DL     , 

'  ,  _         * — zb  zb—zb  zb — Ab     ^ 

then  .=  ^^,  2c=  —X.,  5,=  L_,±.,  &c. 

then^=f^4-^  ^^=^^?^t  &c.    And  thofe  dif- 

ferences  being  found,   let  All  bc=  4,  ^ffS=f, 

fintq 
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f  into— /iy=^>  ?  into  4"  SK:=r,  r  into-|-5L=  s, 
J  into  '\-SM:=zt;  proceeding,  to  wit,  to  MEy  the 
laft  'perpendicular  but  one;  and  the  ordinate  RS  will 

Cor.  Hence  the  areas  of  all  curves  may  be  nearly 
found.  For  if  fome  number  of  points  of  the  curve  to 
be  fquar*d  are  found,  and  a  parabola  be  fuppos'd  to  be 
drawn  through  thofe  points ;  the  area  of  this  parabola 
will  be  nearly  the  fame  with  the  area  of  the  curvilinear 
figure  proposed  to  be  fquar'd.  But  the  parabola  can 
be  always  fquar'd  geometrtc^^y  by  methods  vulgarly 
known. 

Lemma     VI. 

Certain  obferved  places  of  a  Comet  being  gi- 
ngerly to  find  the  place  of  the  fame  to  any  interme- 
diate given  time. 

Let  Hl^  IKj  KLy  LM  (in  the  preceding  Fig. ) 
rcprefent  the  times  between  the  obfervations;  HAy  IB3 
KCy  L  Dy  MEy  five  obfcrv'd  longitudes  of  the  Co- 
met, and  HS  the  given  time  between  the  firft  obfer- 
vatipn  and  the  longitude  required.  Then  if  a  regular 
cMxstjiBCDE  is  fuppos'd  to  be  drawn  through  the 
points  jiyBy  CjDy  £,  and  the  ordinate  RS  is  found  out 
by  the  preceding  lemma,  RS  will  be  the  longitude  re- 
quired. 

After  the  fame  method,  from  five  obferv'd  latitudes 
we  may  find  the  latitude  to  a  given  time. 

If  the  differences  of  the  obferved  longitudes  are  fmall, 
fuppofe  of  4  or  5  degrees,  three  or  four  obfervations  wilt 
be  fufficient  to  find  a  new  longitude  and  latitude.  But 
if  the  differences  are  greater,  as  of  10  or  :^o  degrees^ 
five  obfcrvationsfought  to  be  ufed. 

LEMMA 
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Lemma     VIL 

Through  a  given  point  P,  (PL  15.  Pig.  4.) 
to  draw  a  right  line  B  C,  whofe  parts  P  B,  P  C, 
cut  off  by  two  right  lines  A B,  AC,  given  in 
pefitiont  may  be,  one  to  the  other,  in  a  given 
proportion. 

From  the  given  point  P»  fappofe  any  rigbt  lioe 
P  2)  to  be  drawn  to  either  of  the  right  lines  given  as 
A  By  and  produce  the  fame  towards  jiC  the  other 
jiven  right  line*  as  far  as  £,  fo  as  P£  may  be  to  PD 
m  the  given  proportion.  Let£Cbe  parallel  to  AD. 
Draw  CPBy  and  PC  will  be  to  P5,  as  PE  to  PD. 

Lemma     VHI. 

Let  ABC  (PI.  16.  Fig,  i.)  be  apardbola^ 

having  its  focus  in  S.  By  the  chord  A  C  bifeiied 

ttua-^fo   ^^  1/cut^ofjthe  fegm       ABC  I,  whofe  did- 

'  meter  U  ifiy  ana  vertex  /a.     In  I jjl  produced 

take  ^  O  equal  to  one  half  of  If/^     Join  O  S, 

and  produce  it  to  ^^  fo  as  S^  may  be  equal  H    | 

2  S  O.     Now  J  fupfofing  a  Comet  to  revolve  m 

the  arc  CB A,  draw  ^B^  cutting  AC  in  Ei 

,       ;^^^^  I  fay,  the  point  E  will  icutoff) from  the  chtnd 

''  A  C  the  fegment  A  E,  nearly  proportional  to  the 

time.  "^^ 

For,  if  we  join  £0,  cutting  the  parabolic  zxcABC 
in  7;  and  draw  ju  X  touching  the  fame  arc  in  the  ver* 
tcx  ju,   and   meeting  £0  in  X   the  curvilinear  area 

AEXi^A 
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AEX  luA  will  be  to  the  curvilinear  area  ACT^j^A^ 
^s  A  E  to  A  C.  And  therefore  llnce  the  triangle 
^5 £  is  to  the  triangle  ASC  in  the  fame  proportion, 
the  whole  area  ASEXf^A  will  be  to  the  whole  area 
ASCYfAA.  zsAE  to  AC.  But  becaufe  |0  is  to 
SO  as  5  to  I,  and  £0  to  XO  in  the  fame  proportion, 
SX  will  be  parallel  to  £S:  and  therefore  joining  BJT, 
the  triangle  SEB  will  be  equal  to  the  triangle  XEB. 
Wherefore  if  to  the  area  ASEXf^A  we  add  the  tri- 
angle £  XBt  and  from  the  fum  fubdud  the  triangle 
SEBy  there  will  remain  the  area  ASBX^iA  equal  ta 
the  area  ASEXfxAy  and  therefore  in  proportion  ta 
the  zvQ^  ASCTfjiA  zs  A E  to  AC.  But  the  area 
ASBr/xA  is  nearly  equal  to  the  area  ASBXfxA, 
and  this  area  ASBTfxA  is  to  the  area  ASCT[aAm 
as  the  time  of  defcription  of  the  arc  AB  to  the  time 
of  defcription  of  the  whole  arc  AC.  And  therefore 
AE  is  to  AC  nearly  in  the  proportion  of  the  times. 
OE.D. 

Cor.  When  the  point  B  falls  upon  the  vertex  fx 
of  the  parabola,  ^£  is  to  -^C  accurately  in  the  pro^ 
portion  of  the  times. 

Scholium. 

If  we  join  ju|  cutting  AC  in  <r,  and  in  it  take  |» 
in  proportion  to  jwB,  as  lyMI  to  i6MfA,  and  draw 
Bn:  tnis  Bn  will  cut  the  chord  AC  in  the  proportion 
of  the  times,  more  accurately  than  before.     But  the  a    r 

point  n  is  to  be  taken  JDeyond,  or  on  this  fide  the  poi*t  «tJ  hj:  ^^^ 
I,  according  as  the  point  B  is  more  or  lefs  diflant  from 
the  principal  vertex  of  the  parabola  than  the  point  /u. 


Lemma^ 
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Lemma    IX. 

The  right  lines  1/4,  and  u  M  and  the  length 

AlC 

— P    are  equal  among  themfehes. 


-iK 


V  For  4  5*  ft  is  the  latus  reftum  of  the  parabola  belong- 

jvA^>AiAA^t^jng  tQ  jhe  vertex  jw.  '       ^^ 

Lemma    X. 

.  ,v(.^  A^t^<^  ProduceSfJL  toNand P, (PL  i6. Fig.i.) fo as [iN 

^  '"    may  ^Tme  third  of  jtti,  and  S  P  may  be  to  SN 

as  S  N  toSfji:  and  in  the  time  that  a   Comet 

would  defcrtbe  the  arc  AfjuCy  if  it  wasfuppos'd  to 

^  iJ  .  U    *wx;^  always  fmmrds  with  the  velocity  which  it 

^  ■  hath  in  a  heigB  equal  toSV,  it  'wcfuld  defcribt 

'"      a  length  eqiiaho  the  chord  A  C.    ^    '  "• 

For  if  the  Comet  with  the  velocity,  which  it  hath 
in  ju>  was  in  the  faid  time  fuppos'd  to  move  uniformly 
forwards  in  the  right  line  which  touches  the  parabola 
in  [jl;  the  area  which  it  would  defcribe  by  a  radius 
drawn  to  the  point  S*  would  be  equal  to  the  parabolic 
area  ACSfxA.  And  therefore  the  fpace  contained 
under  the  length  defcrib'd  in  the  tangent  and  the  length 
iS^jW,  would  be  to  the  fpace  contained  under  the  lengths 
AC  and  SM,  as  the  area  ASC^jlA  to  the  triangle 
ASCf  that  is,  ^%  SN  to  SM.  Wherefore -^C  is  to 
the  length  defcrib'd  in  the  tangent,  ts  S fjt^to  SN.  But 
lince  the  velocity  of  the  Comet  in  the  height  SP  (by 
(tor,  tf.  prop.  i6.  book  i.)  *?  to  the  velocity  of  the 

fame 
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fame  in  the  height  Si^y  in  the  reciprocal  fubduplicate 
proportion  oi  SP  to  SfJh  that  is^  in  the  proportion  of 
Sfju  10  SN;  the  length  defcrib'd  with  this  velocity 
M^ill  be  to  the  length  in  the  fame  time  defcrib'd  in  the 
tangent,  as  iJp  to  ^iV.  Wherefore  fince  -^C,  and  the 
length  delcrib'd  with  this  new  velocity,  are  in  the  fame 
proportion  to  the  length  defcrib'd  in  the  tangent^  they 

muft  be  equal  betwixt  themfelves.     ^  E.  D. 

CaR.  Therefore  a  Comet,  with  that  velocity  which 

it  hath  in  the  height  ^Jp -|- f //*,  would,  in  the  lame 

time,  defcribe  the  chord  ui  C  nearly. 


Lemma    XI. 

If  a  Comet (nmd  of )  all  mtM  ^^  let  fall  if^^vc. .d 
from  the  height  SN,  or  Sfi  + 1 1 A^,  towards  the 
Sun;  and  was  Ml  impelled  to  the  Sun  by  thefame^l^^)^ 
force,  uniformlylontinuedy  by  which  it  was  im^ 
pell'd  at  firfi;  the  fame  in  one  half  of  that  time 
in  which  it  might  defcribe  the  arc  AC  in  its  own  yv-t ,  '< 
orbit y  would  in  defcendmg^^  dffcribe  a  fface  equal 
to  the  length  I  fx*. 

For  in  the  fame  time  that  the  Comet  would  require  ^txUv  ^  c. 
to  defcribe  the  parabolic  arc  ^C,  it  wouI3^(bv  the  Uft 
lemma)  with  that  velocity  which  it  hath  in  tne  hdgbt 
SP9  defcribe  the  chord  ^Cj  and  therefore  ^by  cor.  7. 
prop.  16.  book  I.)  if  it  was  in  the  fame  time  fuppos'4 
10  revolve  by  the  force  of  its  own  gravity*  in  a  circle 
whofe  femidiameter  was  SPj  it  would  defcribe  an  arc 
oifthat  circle^  the  length  of  which  would  be  to  the 
chord  of  the  parabolic  arc  A  C>  in  the  fubduplicate 
proportion  of  i  to  z.  Wherefore  if  with  that  weighty 
which  in  the  height  <??  it  hath  towards  the  Sun^  ic 
ihould  fail  from  tbat  height  towards  the  Sun>  it  would 

-  Zz  (by 
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(by  con  ^.  prop.  4.  bobk  i.)  in  half  the  faid  tittc 
dcfcribe  a  fpace  equal  to  tht  fquaie  of  half  the  (aid  chordf 
apply 'd  to  quadruple  the  height  SPj  that  is,  it  would 

defcribe  the  fpace  — r-r.     But  fiuce  the  weight  of  the 
4  S  P 

Comet  towards  the  Surt  b  the  height  $N,  is  ro  the 
weight  of  the  fame  towards  the  Sun  in  the  height  SP,- 
2S  SP  to  S (a:  the  Comet,  by  the  weight  which  it 
^r^^  hath  in  the  height  S  JV^  in  falling  fronTtKF  height  to- 
wards the  Sun,  would  in  the  fame  time  defcribe  the 

fpace  — 7-  J  that  is,  a  fpace  equal  to  the  length  /^  or 
4*^p 

Propcsiti6n  XLI.    Problem  XXL 

frdm  three  obfervatiom  given  ta  determine  the 
wbit  fif  a  Comet  moving  in  a  paraMa. 

V  vv-iCK  v^       '^^^^  h6ng  a  problem  of  very  great  diflScutty,  I  try *d 

o      many  methods  of  refolving  it ;  and  feveral  of  thofe  pro- 

;    ■     .  .  \   bkms,  the  compofirion  y^^of  I  have  giv'n  in  the  firft 

I.  u  AW  J.  book,  tended  to  this  j)urpofe.     Butjjafwwards  Ijgai 

.    ^1  »-nfr    triycd  the  following  folution^  which  is^lSmething  more 

^TA  l<ii<t<*  <>      fimple. 

,.  ^  , ,.  c  i         Seka  three  obfervations  diftant  one  frotn  another  by 

intervals  of  time  nearly  equal.    But  let  that  interval  oiF 

>    ^  X  time  in  which  the  Comet  moves  more  flowly,  be  forae- 

'X.A   "^^ll"  r^^*-  ffe»n  the  other;  fo,  to  wivthat  tfiTHiP 

*'^       ferenct  of  the  times  may  be  to  the  fum  of  the  tiroes, 

ts  the  fum  of  the  times  to  about  600  days;  or  that 

the  point- E-(PK  16  JR^.  i.)  may  fall  upon  M  nearly, 

vh**»    t-^^.trtad  may,eiT  tjxejjcfrqm,  rather  towards  /  than  towards 

•V  <.  /.n  ;       ui.    If  fuch  dired  oSfervati^^^  are  not  at  hand,  a  now 

flace  of  the  Comet  muft  be  found  by  lem.  tf« 

Let 
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^    Let S(Pl.  i(J. Fig^^y^^fttkvtt  th^  Sun ;  Ti /,  r,  three 
places  of  the  Earth  in  the  o/bis  ptagnusi  Tjly  tB,  tC, 
three  <>bf€rv'd  longiiiides  of*  the  Comet;  f^  th«  time 
]bet  ween  the  firft  pWervitioo  add  the  fecondj  ^the  time 
besw^een  tfee  fecond  and  the  third;  X  the  length,  whichir 
in  the  whole  time,  f^-|-^  lihe  .Comet  might  defcribe 
with  that  velocity  which  it  h^h  in  the  ftiean  diftaoire 
pf  the  Earth  from the  Sun :  which  length  is  to  be  found 
by  <of\  J.  prop.  40.  bodk  j,  and  ^^a  perpendiculaf 
U|>on  the  chord  Tr.  Z9  the jt^tnobferved  longitude  /  B% 
tafce  U  pka(ijfe  the  point  jP$^  the  place  of  the  Comet  ov^  fX\u^ 
\i^  thp  pane  of" the  ecliptic;  and  from  thence  towards ^J^  JH 
the  Sun  Si  draw  the  Mne  BEf  which  may  be  to  th^ 
perpendicular  /  ^  as  the  coirtept  under  SB  and  St^  to^^^^^t^Ac^ 
th^  Q^  pf  the  hypojtenuTe  ojTthe  right  wigl'd  triangleS^^Y^ 
M^lioie  fidep  m^  SB  ittd.  the  tiaaagent  of  the  latitude  of 
fke  CospQ^ii*  rik  fecond  obfervation  to  the  radius  fB. 
A94  )thr4lig!h  the  pwt  Ei  Cby  Ifinmu  7*)  draw  th^^ 
right  line  AECt  whofe  parts  -4£  and  E  C,  teripinii^- 
jAg  in  the  right  linet  TT^und  tC^  ffiay  be,  one  to  the 
oth«r,  4$  the  limes  V'^.Wi  then  Jl  2lv\A  C  will  he 
oteairly  ihe/pJaiTie^  of  cto  Gpmct  in  the  plane  of  tjjc  e- 
^Jip»c  in  the  firft  at\d  third  :QWqrvitions,  if  ft  was  its 
pjaoe  righd^  itflum'd  in  th^  feoood. 

Up!(»  ^C  bifeded  in  /,  ctrcS  the  perpendicular  It. 
Tbrougb  R  draw  the  obfciire  line  B  i  pacatict  to  A  C, 
Joio  like  olil^Ore  line  Sh  xutt^  AC  in  A>and  comr 
ptelt  the  i^fa-aHelogram  ^/a/^   Take  /v  equal  to  5 /a, 
anrf  tferbtfgfe  the  Sun  Si  idraw  tlie  obfcure  line  <r  ^  equal 
to  J  Sir  '\-  ^JK.  Thsib  canoelling  the  letters  Ai  E,  C,  /,  ^^^"^  ^^^^'^ 
froBa  the  point  B  towards  the  point  ^,  draw  tj^  new 
obfcure  \vnt  .BEi  which  may  be  to  the  former  B  E 
in  the  duplicate;  pi^opcirtiori   (rf  the  diftance  5  iS  to 
.th^  quantity   S  f^  ^\-^  i  v^.     And.  through  the  point 
£,  draw^  agMn  the  right  li(tifl  AEChy  the  feme  rule 
-as  ^efaiei  ihalt  is,   fo  asf  iw  ptrts  ><£  and  EC  olay 
be  on^  m  iht  other  as  the  times  #^.aqd  #^  between 
Z  3  thi 
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the  obfervations.    Yhus  A  and  C  will  be  the  places  of 
the  Comet  more  accurately. 

Upon  ^C,  bifedcd  in  /,  creft  the  perpendiculars 
jiM,  CN,  10,  of  which  AM  ^nd  CA^may  be  the 
tangents  of  the  latitudes  in  the  firft  and  third  obferva- 
tions, to  the  radij  TA  and  tC.  Jt)in  MN',  cutting 
70  in  O.  Draw  the  reftangular  parallelogram  ilhy^ 
as  before.  In  I A  produced,  take  ID  equal  to  SfjL'\-^  1  a. 
Then  in  MN,  towards  Ny  take  MP>  which  may  be 
to  the  above  found  length  Xy  in  the  fubduplicate  pro- 
portion of  the  mean  diftance  of  the  Earth  from  the  Sun 
(or  of  the  femidiameter  of  the  orbis  magnus)  to  the  di- 
ftance OD^  If  the  point  P  fall  upon  the  point  -AT; 
A»  By  and  C  will  be  three  places  of  tne  Comet,  through 
which  its  orbit  is  to  be  defcrib'd  in  the  plane  of  the 
ecliptic.  But  if  the  point  P  falls  no^^pon  the  point 
Ni  in  the  right  line  AC  take  CG  equal  to  NP,  (o 
as  the  points  G  and  P  may  lie  on  the  fame  fide  of  the 
line  NC. 

By  the  fame  method,  as  the  points  £,  A,  C,  G, 
were  found  from  the  afliim'd  poiiit  B,  from  other 
points  t  and  j8  affum'd  at  pleafurie,  find  out  the  new 
points  e,  a»  Cf  g;  and  c,  a,  it,  y.  Then  through  <7,^f 
and  y^  draw  the  circumference  of  a  circle  Ggy^  cut- 
ting the  right  line  tC  in  2^:  and  Z  will  be  one  place 
of  the  Comet  in  the  plane  of  the  e<|liptic.  And  in  AC^ 
dCj  ctitf  taking  AFy  nfi  «<p  equal  refpeftively  to  CG, 
eg,  yty;  through  the  points/;/,  and  (p,  draw  the  cir- 
cumference of  a  circle  Ff(f>^  cutting  the  right  line  AT 
in  X;  and  the  point  JTwill  be  another  place  of  the  Co-, 
met  in  the  plane  of  the  ecliptic.  And  at  the  points  X 
and  Z,  erecting  the  tangents  of  the  latitudes  of  the 
Comet  to  the  radij  TX»  and  tZ,  two  places  of  the 
Comet  in  its  own  orbit  will  be  determined.  Laftl^ 
if  (by  prop.  ip.  book  i.)  to  the  focus  5,  a  paiiEoIais 
defcrib'd  pafling  through  thofe  two  places,  this  part* 
bola  will  be  the  orbit  of  the  Comet,    Q.  E.  /. 

^  ^  Tbc 
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The  demonftration  of  this  conftruftion  follows  from 
the  preceding  lemmas  :  becaufe  the  right  line  AC 
is  cut  in  E  in  the  proportion  of  the  times  by  lem*  7, 
as  it  ought  to  be  by  lem.  8  :  and  BEj  by  \cm.  11,  is 
a  portion  of  the  right  line  BS  or  B^  in  the  plane  o£ 
the  ecliptic,  intercepted  between  the  arc  ^BC  and  the 
chord  Jf£C;  and  MP9  (by  cor.  km,  10.)  is  the  length 
of  the  chord  of  that  arc,  which  the  Comet  iliould  de- 
fcribe  in  its  proper  orbit  between  the  firft  and  third  ob- 

fervation,  and  therefore  is  equal  to  Ml^y  providing>g     7 

is  a  true  place  of  the  Comet  in  the  plane  of  the  ecliptic. 

But  it  will  be  convenient  to  aflume  the  points  Sj^^,  /3, 
not  at  random,  but  nearly  true.  If  the  angle  j^Ql^  ^^^^ 
at  whicTTthe  projefiion  of  the  orbit  in  the  plane  of  the 
ecliptic  cuts  the  right  line  /B,  is  ruddy  known;  at^^U^MJ^^ 
that  angle  with  B  t  draw  the  obfcure  line  AC^  which 
may  be  to  fTr  in  the  fubduplicate  proportion  of  SO 
to  St.  And  drawing  the  right  line  SEB^  fo  as  its  parT 
E  B  may  be  equal  to  the  length  r>,  the  point  B  will 
be  determined  which  we  are  to  ufe  for  the  firft  time. 
Then  cancelling  the  right  line  uiC,  and  drawing  a  new 
yiC  according  to  the  preceding  conftruftion,  and  more*  (St^i^  tv^  o.N 
j^ver,  finding  the  length  MP;  in  tB  take  the  pouir^ 
by  this  rule,  that  if  T^,  and  rC  interfed  eacn  other 
in  7;  the  diftance  Tb  may  be  to  the  diftance  TB  in  a 
proportion  compounded  of  the  proportion  of  AfP  to 
MN^  and  the  lubduplicate  proportion  of  S  B  to  St. 
And  by  the  fame  method  you  may  find  the  third  point 
jS,  if  you  plcafe  to  repeat  the  operation  the  third  timc^^ 
But  it  this  method  is  followed,  two  operations  gene*  ^ 
rally  will  be  fufficicnt.  For  if  the  diftance  Bb  happens 
to  be  very  fmall ;  after  the  points  Fy  /,  and  <?,  ^,  are 
found,  draw  the  right  lines  Ff  and  G£y  and  they  will 
cut  TJ  and  t  C  in  the  points  required  Xand  Z* 


EXAHVtti 
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Let  the  Comet  of  the  year  1 6 8b  be  proposM.  The 
following  table  (hews  the  motion  thereof,  as  obferv'd 
by  FUnijkad^  and  calculated  afterwards  by  him;from 
his  obfervations,  and  correiJted^by  Dr  Haltey  from  the 


Ua^^>^  T^e  obfervationr. 


i68o  Sec.i2 

Time         1 

Sun^s 
Longitude. 

Comet's 

Appar. 

IVuc.  1 

Longitude.     Lat.  N. 

h.    ,, 
4.46 
6.32^ 

4.46.  0 

0, 
VS  '•5«-23 

0^ 
VS  6.32.30 

0. 
8.28.  0 

21 

6.36.59 

11.06.445;?  5.08.12 

21.42.13 

^t 

6.12 

6.17.52 

14.09.26      18.49.23 

25.23.  5 

26 

5H 

5.20.44 

16.09.22      28.24.13 

27.00.52 

29 

7.55 

8.03.02 

19.19.43  Ki3'io.4i 

28.09.5^ 

30 

8.02 

8.10.26 

20.21.09  [    17.38.to 

28.11.55 

i62iya;i^  5 

5-5« 

6.01.38 

26.22,1 8, Y'  8.48.53 

26.15.  7 

9 

6.49 

7.00.53 

^  0.29.02 

IS.44.04 

24-11. 56 

>o 

m 

6.06.10 

1.27.43 

20.4a.  50 

23.43.52 

13 

7.08.55 

4.33.20 

^25,59.48 

22.t7.2? 

25 

744 

7.58.42 

16.4556 

^  9-35-  0 

17.56.50 

30 

8.07 

8.21.53 

21.49.58 

13.19.51 

16.42.18 

Fek  2 
5. 

6.20 

6.34.51 

24.46.59 

15.13.53 

16^)4.    1 

0.5Q  V  7.04.41 

27-49-5 1 

16.59.06 

•5-27-  ? 

To  thefe  you  may  add  fo«ie  obfervatioiis  of  mine. 


iSSiFd.z^ 

Ap. 
Time. 

8.30 

Comet's             \ 

Longitude. 

Lat.North. 
12.  46'.  46 

a  26.;!?. .55 

.,    ^7 

8.15, 

27 .  04 .  20 

22 .36. 12 

Mar.  I 

II   .      0 

27.5^.42 

12.23.40 

'■2- 

8.  0 

.  28.12.48 

12. 19.38 

5- 

II . 30" 

29.  iB.   0 

12.05.16 

7 

930 

U^:  4  iO 

M-S7-   0, 

9 

8.30 

b.43.  4 

11.45.52 

Thefe  obfervations  were  made  by  a  telefcope  of  7 
feet,  with  a  micrometer  and  thirds  plac'd  in  the  focus 
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by  which  ioftruments  we  dettnaia'd 
as  'both  of  the  fitc  Scars  artong  th^felves  ftA\^y«^ 
Comet  in  rcrpefik  of  the  fixt  Swrs.    Let 
7^^  Tepreieac  the  Star  of  the  fourth  mag*  . 
the,^  heel  of  ferfeus^   (Bajer*s  o)  B  the  v^(^c/i^ 
Star  of  thTthind  magnitude  in  the  left  £00^  'Te^AAyss 
f  C  a  Star  of  the  fixth  magnitude  (B4jrfr*^  n)   t^< 
^1  of  the  fame  foot,  and  D,  E.  A  (j,  H^  /,talm't«^^fr^ 
N^  Oy  i?9  <»9  |8|  >s  ^9  o^her  fmaller  Stars  ia 
foot.    And  let  /,  P,  ^,  «,  S^  T,  /^  X,^  re- 
fthe  places  of  the  Comet  in  the  ohfervation^ 

down  ;   and  reckoning  the  diftanc«  jfB  of  fv^o^V 
CsT^JC  was  5^^  ot    thofe  oarts.  BC.  <8^  s  .  ^**^f^ 


la    > 


B  D,  8ix^  ;  c 


thofe  parts,  BQs^i^^^ 


29;  F.B,ii,FCy  16'^iAHy  i8^;Z>/r,  5o|; 
4<^h;  C;V,5iii  ^Z.,45A;  J^L^xih  HO 
.to  iH"  /  as  7  to  <J,   and    produced   did  pafs  be- 
the  Stars  D  and  £,  fo  as  the  diftanceof  the  Star 
om  this  right  line  was  \  CD.  L  M  was  to  LN 
to  5>9  and  produced  did  pafs  through  the  Star  H. 
us  werethepofitiorts  of  the  fixt  Stars  determined 
!re%ca  of  ope  another. 

\  Mr.  P$Hnd  has  fince  oblerved  a  fecond  time  the  ^ofi- 
tfcs  of  thefe  fixed  Stars  aroongft  themfelves,  and  cot- 
fi^ed  their  longitudes  and  latitudes  according  to  the 
tbUowiog  tdUe* 


The. 
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J^W    Their 
^J^^  Longitudes. 


A 
B 
C 
E 
F 
G 
H 
I 


1^26.41.50 
28.40.23 
27.58.30 
26.27.17 
28.28.37 
26.56.  8 
27.11.45 
27.25.  2 
274^'  7 


Latitude 
North. 


12.  8.36 
II. 17.54 
12.40.25 
12.52.  7 
11.52.22 
12.  4.58 
12.  2.  I 
11-53. II 
1153^^  I 


fixed!      '^^^^"^        t  Latitude 
StarsJ.I^ngitudea.      NortL 


I 


L 

M 
N 
Z 

y 


29.18.54 
28.48.29 
29.4448 
29.52.  3 
H  o.  8.23 
0.40.10 
I.  3.20 


12.  7.48 
12.  7.20 
12.31.  9 
11.57.13 
11.55.48 
11.43.56 

11.55  18 
11.30.42 


I 

Thepofitionsof  the  Comet  to  thefe  fix'd  Stars  were 
obferv'd  to  be  as  follows. 

Friday,  Feb.  25.  O.  S.  ar?f\  P.  M.  the  diftancc  of 
the  Comet  in />  from  the  Star  £,  was  lefs  than  ^-^AE^ 
and  greater  than  i^AE^  and  therefore  nearly  equal  to 
i\^E;  and  the  angle  uIpE  was  a  little  obrufe,  but 
almoft  right.  For  from  Jrf,  letting  fall  a  perpendicu- 
lar on  p  Ei  the  diftance  of  the  Comet  from  that  perpen* 
dicular  was  jpE. 

The  fame  night  at  pf  ^,  the  diftance  of  the  Comet 

in  P  from  the  Star  £,  was  greater  than  — ^  -^£,  and 

41 

lefs  than  — -•  jiE^  and  therefore  nearly  equal  to  —r 
5i  ^    ^  4i 

€)f  jfE^  or  ^%/fE.     But  the  diftance  of  the  Comet 

from  the  perpendicular  let  fall  from  the  Star  A  upon 
the  right  line  ?£,  was  fPE. 

Sunday,  Fet.  zy  8^^  P.  M.  the  diftance  of  the  Co- 
met iiTO,  from  the  Star  O,  was  equal  to  the  diftance 
of  the  Stars  O  and  H;  and  the  right  line  Q^O  pro- 
duc'J  pafs'd  between  the  Stars  JTand  B.  I  could  not, 
by  reafon  of  intervening  clouds^  determine  the  pofiti* 
on  of  the  Star  to  greater  accuracy. 

Tucfday,  March  i.  ii*'.  P.  M*  the  Comet  in  ^, 
lay^exaSly  in  a  line  between  the  Stars  iTand  C^  fo  as 

the 
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the  part  CR  of  the  right  line  CRK^  was  a  little  greater 
than  \CK  and  a  httle  lefs  than  \CKA^  \CR.  and 
therefore  =  f  C^+  hCR,  or  \^CK.  \ 

WedncWay,  March  2.  8^  P.  M.  the  diftance  ofvw^fe^c^>^^ 
the  ComeTin  S  from  the  Star  C,  was  nearly  f/'Cj 
the  diftance  ot  the  Star  F  frx^m  the  right  line  d?  pro- 
duced was  /4FC  \  and  the  diftance  of  the  Star  B  trom 
the  fame  right  line  was  five  tiiys  greater  than  the  di-  ^^^«fJ 
ftance  of  the  Star  JF.  And  the  nght  line  NS  pro- 
duced pafs'd  between  the  Stars  H  and  /,  five  or  fix 
times  nearer  to  the  Star  Ijl  than  to  the  Star  /. 

Saturday,  March  5,  ii^^  P.  M.  when  the  Comet  Ja}>^^^<3 
waT  in  7;    the  right-line  MT  was  equal  to  \Ml^ 
and  the  right-line  LT*  produced  pafsM  between  B  and  F^ 
four  or  five  times  nearer  toF  than  toS,cutting  off  from 
;SFa  fifth  orfixth  part  thereof  towards  F:  and  MTpro--  cw^vt  •• 
<kic'd'pafs'd  on  the  (out-fide  (of  the  fpace  BFj  towards  ^Wixr/ 
the  Star  £^   four  times  "nearer  to  the  Star  B  than  to 
the  Star  F.    M  was  a  very  fmall  Star  fcarccly  to  be  fcen 
by  the  telefcope,    but  the  Star  L  was  greater,  and  of   . 
^bout  the  eighth  magnitude.  ^o.>^r^ 

MondayT^JS^cA  7.  pj  P.  M.   The  Comet  being  Va/^tsjo^ 
inT^  the  right  line  y<^  produced  did  pafs  between  B 
and  F,  cutting  off,  from  B  F  towards  F,  ^^  of  B  F^ 
and  was  to  the  right  line     ^jS  at   5  to  4.     And  the 
diftance  of  the  Comet  from  the  right   line  «/3  waft 

Wednefday,  March  9.  8i*>  P.  M.  the  Comet  being 
in  Xy  the  right  line  y  X  was  equal  to  J  y  <^5  and  the 
perpendicular  let  fall  from  the  Star  <r  upon  the  right 
y  X  was  f  of  y  J". 

The  fame  night  at  ii^,  the  Comet  being  in  7^  the 
right  line  y^was  equal  to  f  of  y /!,  of  a  little  lefs,  as  ^ 
perhaps  ^^  of  yl^  and  a  perpendicular  let  fall  from^*^  ^^V. 
'the  Star  i  on  the  right  line  yT*  wa?  equal  to  a- 
bout  f  or  f  y  <r.  But  the  Comet  being  then  extremely 
near  the  horizon  was  fcarcely  difeernable,  and  therefore 
X  its 
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il5  place  codld  not  be  detei  mined  with  chat  certainty  a$ 

r^^aA"^  the  fbi^£oing  pbfervations. 

f  From  the7e*^bfervations,  by  conftruftions  of  figures 

tad  cakulacions,  I  deduced  the  longitudes  apd  latitudes 
^rtbe  Comet :  and  Mr.  Pound  by  correding  the  pla- 
ces of  the  fixed  Stars,  hath  determined  more  coricdly 
the  places  of  the  Comet)  which  correift  places  are  fet 
down  above.  /Thougl^  my  mif  roipeter  was  nfiiije  of 

^     Vrr^     the  bigfl:,  yet  thHT^orfJ  in  longitude  and  latitude  Ca$ 

:,lV^wJ^^^'^^"^^^  from  toy  obferva;rioil9j  fcarcely  exceed  one 
minute.  The  Comet  ('accordiftg  tD  py  obfervationj^ 
tbout  the  ^nd  of  its  motibn^  be^n  to  decline  fenfibly 

^^^fvi^i^  lowards  the  north,  fromithe  parallel  which  it  defcrib'd 
jbouc  the  end  of  Februarj, 

Now  ifi  order  to  determine  the  orbit  of  the  Co* 
met  Gttt  ^  the  obfervations  above  defcrib'd ;  I  ft- 
kded  thoft  three  which  Flamfiead  n^de,  Dec.  ii.  Jaif^ 
5*  and  Jah€  25.  From  which  I  found *yr  of  ^841^1 
parts,  and*A7  of  45  5>  fuchas  the  lemidiameter  ot  the 
^^ii  iw^^««5  c-ontains  loooo.  Then  for  the  £rft  oh* 
fcrvation,  afluming/B  oi.^6^j  of  thofe  parts,  I  found 
SB  ^747»  fi£  far  thefij^  v  t*"^  4*^^  »5'ji^9505,  /a 
41^5  5  £  for  the  fecond  time  411,  O  D  1018^, 
JT  8518,4';  />Af  8456, -^iV8475,  A^/^25.  From 
whence,  by  the  fecond  operation,  I  coUefted  the  diftance 
r^  5<^40.  Af>d  by  this  operation,  I  at  laft  deduced 
the  diftances  TX4775  and  tZ  ti5ii.  Fromwhich 
Klmiring  the  oi'bir,  I  found  its  defcendii^  node  in  S 
and  afcertdi^ig  node  in  VS  i®  j-j';  the  mclioatiOfi  of 
its  plane  to  i£e  plawe  of  the  ecJiprkk  61^.  lo'f  ;  the 
vertex  thereof  (or  the  perihelion  of  the  Comet)  di- 
ftanr  from  the  Node  8^.  58'j  and  in  7^  17^  4V* 
f  ;  with  latitude  7°.  54'  fou rfi ;  its  Utm  re£ium  23d>8 ; 
and  the  dminaJ  area  deicrlb'd  by  a  ta^ius  drawn  to  the 
Sun  93585,  .fttppofing  the  fquarc  of  <he  femidiaoae- 
ter  of  thejtfr^i^  09fAgnm^  icooqooqq  ;  that  the  Comet 
in  this  or^t  mov'd  diredly  according  to  the  order  of 

3  the 
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the  ligns,  and  on  Dec.  8^.  00*^.  04  P.  M.  was  in  the 
vertex  or  perihelion  of  its  orbit.  All  which  I  dettr- 
rnin*d  by  fcale  and  compafs,  and  the  chords  of  an- 
gies^  taken  from  the  table  of  natural  fines,  in  a  pretty  %4 
large  figure,  in  which,  to  wit,  the  radius  of  the"#ri5w 
ffu^^nus  (confiding  of  loooo  parts,)  was  equal  to  i6\ 
inclies  of  an  EwgUJh  Fcot.  ^ 

Laftly^  in  order  to  difcover  whether  the  Comet  did  f^'^'^AjfiwuvK 
truly  move  in  the  orbit  fo  deterAm'd,  I  ioveftigated 
tts  places  in  this  orbit  partly  by  arithmetical  operationSf 
and  partly  by  fcale  and  compafs,  to  the  times  of  fome 
of  the  obfervations,  as  may  be  feen  in  the  following 
table. 


The  Com€t*3 


Dift. 
from 
Sun. 


Dec,  \t 

29 


Febr. 
Mar. 


2792 

8403 
16669 

21737 


Longitude 
computed. 


Latitad 
compu- 
ted. 


VS   6^32' 

K  13  •  >3' 
O  17  .  00 

29  •  19^ 


8^1 8i 
z8.  CO 

^5-  29? 
12.    4 


Longitud. 
obfcrv'd. 


VS  6^3 
Xi3"t 

29.  20? 


Latitude 
obfcrv^d. 


8^26 
28  .xon 
15.275* 
12.  3i 


Djf. 


+  2 
— I 


Dif. 
Lat. 


-74 
— lon 


But  ^tersardLl^*  HaUej  did  deternaine  the  orbit  S^k.^Y 
to  a  greater  accuracy  by  an  arithmetical  calculus,  tham 
could  be  done  by  linear  defcriptions  ;    and  retaining 
the  phce  of  the  nodes  in  S  and  V    i^  5  ^'9  and  the 
inclination  of  the  plane  of  the  orbit  to  tne  ecliptic 
61^  2o|',  as  well  as  the  time  of  the  Comets  being  in 
perihelio,  Dec.  %K  00.  04  :  he  found  the  diftance  of 
the  perihelioQ  from  the  afcending  node  meafur'd  in 
the  Comet's  orbit  9^,  20',  and  the  Imh$  nHum  of  the 
parabola  2430  parts>  fuppofing  the  meaa  diftance  of 
ihe  Sun  from  the  Earth  to  be  1 00000  parts.     And 
from  thefe  eUtd,  by  an  accurate  arithmetical  calculus* 
))e  computed  the  (Maces  of  the  Comet  to  the  times  of 
ibe  obfervations  as  follows. 

True 
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o  ^ 


V  O    tv  irt  -^  N    t<^OC 

N  1-  o  o  o  o  o 
1+  I  4-M  -f- 

000>^OOMmn 

'^h       M  ir\  ^  ir\  t<n  *-  fo  M  «   "^ '^ '<<- «<> 

OOOOmnmOmO 

II  I  i4-t-h+-h+i  1  n  h 


2  2 


o 


.t!   O 

a  g 


vo^«<i5.a2i-$$5-°J^^=": 


OOVOOOSO    •-    •*    Q   O^** 

O    O    O    w^0>0    •4'C**-    Q«^tO  QnnO    «^  N 
MNO  r^  r^oo  CO  o  •-  •*  «^   -^  tr»vO  >o  O  •- 


-!e« 


'^vONO  u-»oo«vo  i^^^o  rvt^oovo  t^oo  •- 


±1. 


^ 


This  Comet  alfo  appeared  In  the  November  before, 
and  at  Coburg  in  Saxofrf  was  obfcrvcd  by  Mr.  Gottfrid 
Kirch  on  the  /^h  of  that  Month,  on  the  6th  and 
nth  Oi  S ;  from  its  pofitions  to  the  neareft  fixed  Saw 
obferved  with  fufficient  accuracy,  fomctimes  with  a 
two  foot,  and  fometimes  with  a  ten  foot  telefcope ; 

from 
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from  the  di£Ference  of  longitudes  of  Cckurg  and  iw- 
Jom^  11^,  and  from  the  places  of  the  fixed  Scars  ob- 
lerved  by  Mr.  Poandj  Dr.  HdlUy  has  determined  the 
places  of  the  Comet  as  follows. 

Nov.  id.  17^.  i\  apparent  time  at  Lond^n^  the  Co- 
met was  in  Si  19  deg.  51',  with  i  dcg.  if.  45"* 
latitude  north. 

November  5.  ij**.  58'  the  Comet  was  in  ^  5^  23', 
with  i<>.  6*.  north  lat. 

November  10.  i6*».  31',  the  Comet  was  equally  di* 
fiant  from  two  Stars  in  ^  which  are  <r  and  t  in  B^ner  ; 
but  it  had  not  quite  touched  the  right  line  that  joins  c^rvNxjtU.V'^ 
them,  but  was  very  little  diftant  from  it.     In  Flam-     "  ^^^'■^^ 
ftead's  catalogue  this  Star  <r  was  then  in  ^  14^.  15% 
i^ith    I   deg.  41'.  lat.  north    nearly,    and  r  in  HC 
17^.  5'i    with  o.  d^.   54'.  lat.    fouth.     And  the    ^vv 
middle  point    between  thofe  Stars  was  Ht  i)"*.  xsf%^ 
with  o^   3j'i  lat.   north.    Let  the  diftance  ot  the 
Comet  from  that  right  line  be  about  10'  or  12';  and 
the  difference  of  the  longitude  of  the  Comet  and  that 
middle  point   will  be  ^'  ;  and  the  difference  of  the 
latitude  nearly,  7' f.     And  thence  it  follows,  that  the 
Comet  was  m^  I5^  ji',  with  about  i6^  lat.  north. 
The  firft  obfervation  from  the  pofition  of  the  Co- 
met with  refped  to  certain  fmall  fixed  Stars  had  all  the 
exadnefs  that  could  be  defired.    The  fecond  alfo  was 
accurate  enough.    In  the  third  obfervation,  which  was-^w^t'^-vt-^A  c 
the  leafl  accurate,   there  might  be  an  error  of  6  or  7 
minutes,   but  hardly  greater.     The  longitude  of  the  JUU^t^vcv^ 
Comet,  as  found  in  the  firft  and  mod  accurate  obfer- 
tion,  being  computed  in  the  aforefaid  parabolic  orbit,  a^^^-^U  Ave 
comes  out  ^  2p^  30'.  21",  its  latitude  north  i\  2  5'.  7", 
and  its  diftance  from  the  Sun  11554(7. 

Moreover,  Dr.  Hallej  obferving  that  a  remarkable 
Comet  had  appeared  four  times  at  equal  intervals  of 
575  years,  that  is,  in  the  Month  of  September  z£terju» 
Uhs  Otfxt  was(kill€d,j ^.  Chr.  53^  in  theconfuiace  of 
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LampadiMs  and  OrefteSj  An^  Chr.  \\o6  in  the  Month 
6f  FebrtMry^  and  at  the  end  of  the  year  i<^8o  ;  and 
that  with  a  long  and  remarkable  tail  {^except  when  it 
was  feen  after  Cefars  death,  at  wKicli  time,  by  rcafon 
r  of  the  inconvenient  fituation  of  the  Earth,  the  tail  was 

,  "-^  ^  notlfo  confpicuous : )  fet  himfclf  to  find  out  an  elliptic 
.:{  .uc  n^o  orbit  whofe  greater  axis  fliould  be  15  82957  parts,  the 
mean  diHance  of  the  Earth  from  the  Sun  containing 
1 0000  fuch  ;  in  which  orbit  a  Comet  might  revolve 
in  575  years.  And  placing  the  afcending  node  in  ffi 
2.°,  z  ;  the  inclination  of  the  plane  of  the  orbit  to  the 
plane  of  the  ecliptic  in  an  angle  of  dI^  5'.  48"^  the 
perihelion  of  the  Comet  in  this  plane  in  ^  2z°.  44'.  25"; 
the  equal  time  of  the  perihelion  December  j\  2}^.  9'; 
the  diftance  of  the  perihelion  from  the  afcending  node 
in  the  plane  of  the  ecliptic  5)°.  17'.  35'';  and  its  con- 
jugate axis  1848 1,  2  ;  he  computed  the  motions  of 
the  Comet  in  this  ecliptic  orbit*  The  places  of  the 
Comet,  as  deduced  from  the  obfervations  and  as  ari- 
ftng  from  computation  made  in  this  orbit,  may  be  feen 
ki  the  following  table. 


True 
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7rue  time 

i        h 

Nov.    3  .  i6 

lO.  lO 

i6.  17 
18  .  21 
20 .  17 
23.17 
Dec.  12.   j^ 

21  . 

29  . 

30. 

5- 

9- 
10 . 
13. 

25- 

30. 

2  . 

25  • 
Mar.    I  . 

5- 
9- 


Jan'. 


Feb. 


47 

■37 

18 

00 

34 
o 

4I 

37 

.18 

21 

3 
10 

.  I 

.    6 

•   9 
59 

22 

35 
■4i 
,41 
.  10 

•39 
,38 


i»«!f.  oi/. 


£l29-5« 
n?    3   23 

15.32. 


W 


X 


6.32 . 

5.    8. 

18 .49. 

28 .  24 . 
13 .  10. 
17.38. 

8.48. 
18.44. 
20 .  40 . 
25  .  59 . 

9-35' 
13.19. 

»5-  13 
16.59 
26.18, 
27 .  52 , 

29.  18. 
:   0.43' 


Lat.  Nor. 
ohf. 


>7-4S 

6 .   o 

27  .    o 


30 

8 

12 

21 

23 

25 

13 

27 

4« 

z3 

0 

28 

53 

26 

4 

24 

50 

23 

48 

22 

0 

«7 

5' 

16 

53 

16 

6 

'5 

35 

12 

42 

12 

0 

12 

4 

II 

28  .    o 

42. 13 

23.  5 
>  o.  52 
.9.58 
•  II .53 

IS.  7 
.  1 1 .  56 
•43-32 
. 17 .28 
.  56 .  30 
.42  .  18 
.   4.    I 

.  46  .  46 
.  23  .  40 
-  3  .  16 
.45.52 


Long.  comp. 


a  29. 

m    3' 

15- 

t2l    8. 

-  18. 

-  28. 

nii3 
yp  6 
;;;s?  5 
18 
28 
X  13 

17 

V^   8 

i8 
20 
26 

tt    9 
13 

•,i 

26 

27 

29 

H  o 


£4/.  rivi-A.-.' 


;i  .  22 

24.32 

33.  2 
16.45 
52.15 

10  .  36 
22  .  42 

I  31  .20 

.  6.  14 
.  47  .  30 
.  21  .42 
.11 •  14 
38.27 
.48.51 
43 .  51 
40  .  23 
.  o.  8 
.34.11 
. 18 . 28 

11  .59 
.59.17 
.16.59 
.51.47 
.  20  .  1 1 
•42-43 


I^tVsivvt*"-' 

I 
25 

■52 

.  Zi 


8  .  2( 
21  .  4^ 


2     -'-^ 


25 

28  .  I  L-r^ 
28.  I^ 

24.  1 

23  .  4^.^^^ 

22  .    1,,./|  v_ 

'7  •  5    , 
16.  4t'/%^i»v 

16. 

"5 -2 

12  .  4!  Uv 
12  .  2 
12  . 

u  .4 


iVx\ 


^.Kn^ 
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Errert  in          1 

LoHg. 

hat. 

^JK'A'5^         " 

1      It 

,     „ 

CbI*^'-32N 

+  O  .  22 

—  0.  1} 

,      .      6.   9 

,.     7S 
5.54 

4-1.32 
+    1.2 

+  0.  9 
—  »  •  S3 

J -35 
9 .   0 

9.   6N 

—  1  .  lO 

Vi'.'i 

4-42 

-I.  58 

+  2. 29 
+0.30 

3 -35 

—  1.53 

2  .    I 

—  2.31 

+  1.  9 

0.  38 

-j-0.33 
+  0.    7 

+  0 .  40 

1.37 

—  0.  10 

4-57 

—  0.    2 

—  0 .  10 

2.17 

-d.13 

+  0.  21 

3.25 

—  0.  27 

—  0.    7 

6.32. 

+  0.20 

—  0.  56 

-       6.    6 

—  0.49 

—  0.24 

.0.    5 

—  I  .23 

—  2  .  13 

2.    7 

--I.S4 

—  1.54 

7.   0 

+  0.  II 

—  0.    3 

5  .  22 

-..36 

—  1.24 

2.28 

—  0.  55 

mm,\   .12 

2.50 

+  2  •  »> 

_ lO  •  26 

5-35 

—  0 .  21 

—  0.17 
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XhiB  obferVations  of  this  Comet  from  the  beginning 
:o  the  cud  agrgj  as  perfeftly  with  the  motion  of  the  </»w-v-vui. 
Comet  in  tEeorbit  juft  now  defcribed,  as  tb^  motions 
:>f  the  Planets  do  ivith  the  theories  from  whence  they 
aic  calculated,  and  by  this  agreement  plainly  erince  that  o\a4<^^'^'^^'^ 
it  was  one  and  the  lame  Coniet  that  appeared  all  that 
time  ;  and  alfo  that  the  orbit  of  that  Comet  is  here 
rightly  defined. 

-  In  the  foregoing  table  we  have  omitted  the  obfcrvations  ^^l'Lk  kA^ 
of -ATb^A  ^5^  18,  20  artd  25  as  not  Sufficiently  accu- 
rate.    For  at  thofe  times  feveral  pcrfon5  had  obfervcd 
the  Corner^    Nov.  17.  0.  iS*.  PomImus  and  his  Com-         4 
panions  at  tf*  in  the  morning  at  Rome  (that  is  5\  10'  'vv<<^^^-"'    *" 
3tt  Londm)  by  threads  direded  to  the  fixe  Stars,  obferv'd  {v^C.'r^ 
the  Comet  in  ^  8^  50'.  with  latitude,  o".  40'.  foutfa.  juw 
Their  obfervaiions  may  be  feen  in  a  treatife,  which  P$n^  ;fv*i«i:  .^ 
I^^HM publifti'd  concerning  this  Comet.  CellsHS  who  was  <yx.v'^^^ 
prefenr,  and  communicated  his  obfervations  in  a  Letter  <  /»  v  j  *-- 
te  Caffim,  fawthe  Comet  atthe  fame  hour  in  ^  8^1 50'.^^^    J^n^ 
with  latituHe  os   50'  fouth.     It  was  likewife  feen  by 
Galletius  at  the    fame   hour   at  Aviimon,  (that    is  at 
J**.  42',  morning  at.  London)  in    ^  5^    without  lati-     Jiv. 
tude*     Biit   by   the  theory  the  Comet  was   at  that 
time  in  a.  8^  i6\  45".  and  its  latitude  was  o^.  J5'.  7". 
fouth. 

Nov.  18.  at  5**.  50'  in  the  morning  at  Rome  ('that 
is,  at  5'',  40'.  at  Lonion)  Pontheus  obferv'd  the  Co- 
met rn  i2i  I5\  50'.  with  latitude  i\  2o\   fouth;  and 
QlUus  in  A  15*.  }o'.  with  latitude  i".   00'.   fouth. 
But  at  5*"  50'.  in  the  morning  at  jivignonGalUttHs  fa,w  y.n^>  ^'^ 
it  in  «   15**.  od'.  with  latitude  i%    op'  fouth.     In  the 
univcrfity  of  La  Fkcho  in  France^  at  f »»  in  the  morn- 
ing ('chat    is   at  5^  9'.  ^t  London)  it  was  feen   by  P. 
jingoy   in  the  middle  between  two  fmall  Stars,  one  of 
which  As  the  middle  of  the  three  which  lye  in  a  right-line 
in  the  fouthern  hind  of  Virgo,  Bajfers^^^  and  the  other  ^^  ^  ^^     ■-'  - 
is  the   ommoft  oTthewing,    JBajfors  i.    Whence  the 
^vvMM  ^,<-      ^    «^^  a  Comet 


-•fyeAAW 
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Comet  was  then  in  ^  ii<>.  4^'.  withktitude  50'  fouth# 
And  I  was  informed  by  Dr.  Hallej  that  on  the  fame  day, 
at  Boflon  in  NnV'England^  in  the  latitude  of  41  ^  deg. 
at  5^  in  the  morning,  ^tbat  is,  at  p^.  44'  in  the  morn- 
ing at  London^)  the  Comet  was  feen  near  ^  14%  wkh 
latitude  I  °.  50'fouth. 

Nov.  i5>,  ^  4^'  \  at  Cambridgi^  the  Comet  (by  the 
^^^     obfervation  of  a  voung  man^  was  diftant  from  Spm 
J^^^'       ^  ^^^^  ^*  towards  the  north- weft.     Now  the  {£ike^ 
^f  ci'^was  at  that  time  in  a  Ip^  2}'.  47".  with  latitu«2*r 
1'.  59".  fouth.     The  fame  day  at  5^*  in  the  morning 
at  Bojion  in  NeW'England^  the  Comet  was  diftant  from 
Spica  ^  i«  with  the  dlfFerence  of  40'  in  latitude.    The 
fame  day  in  the  ifland  of  Janmc^^  it  was  about  i*"  diA 
rant  from  Sflca  ^.     The  fame  day  Mr.  Anhm  Storer 
at  the  river  Patuxent  near  Huntim  Creel(  in  Maryland  in 
the  confines  of  Virginia  in  lat.  5  8|®  at  5  in  the  morn- 
^'4\H<r^   ing  (that  is  at  10**. at  London)  (v9f  the  Comet  above 
Spica  ^,  and  very  nearly  join'd  with  ir,  the  diftance 
between  them  being  about  \  of  one  deg.  And  from 
thefe  obfervations  compared  I  conclude,  that  at  ^^  44' 
at  London,  the  Comet  was  in  ^  i8^   50'  with  about  i^ 
25' latitude  fouth.     Now  by  the  theory  the  Comet 
was  at  that  time  in  ^  I8^  51'.  15".  with  1°.  id'.  54'. 
•Jar.  fouth. 

Nov.  2o.  Montenari  profeffor  of  aftronomy  at  Pa- 

dua^  at  6^  in  the  morning  at  Venice  ^that  is  ^^.  lo'at 

London)  faw  the  Comet  in  ^  ^3^  with  latitude  I'*.  30' 

^     fouth.     The  fame  day  at  Bofton^  it   was  diftant  from 

rsvi^vi    \    ^P^^^  ^^  ^y  ^^°"^  ^°  ^^  longitude  lift,   and  therefore 
was  m  iSi  23°.  24'  nearly. 

Nov.  zi.  Ponthans  and  his  companions  at  7^^^  in  the 
morning,  obferv'd  the  Comet  in  ea  27^  50'  with  la- 
titude 1°.  id',  fouth.  Cellitts  in  ^  28^  P.  Ango  at5'» 
in  the  morning,  in  ^  27^  4f '.  Montenari  in  ^  27". 
51'.  The  fame  day  in  the  ifland  of  Jamaicay  it  was 
fcen  near  the  beginning  of  v\  and  of  about  the  fame  la- 
titude 
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tuude  with  Sfk^  np,  that  is,  2".  2'.  The  fame  day 
at  5^  morning  at  BalUfirt  in  the  £a/i'I»dies  (that  is  at 
1I^  zo'  of  the  night  preceding  at  London)  the  dif- 
tance  of  the  Comet  from  Spica  ^  was  taken  7".  ;  ^\ 
to  the  eaft.  It  was  in  a  right  line  between  the  fpikc 
and  theballance,  and  therefore  was  then  in  i^  z6^.  58'# 
with  about  I^  11'.  lat*  fouth;.  and  after  5\  40'.  (that 
is  at  5**  morning  at  London)  it  was  in  ^  z8°.  12'*  with 
l"".  1 6\  lat»  fouth.  Now  by  the  theory  the  Comet 
was  then  in  ^  28°.  10'.  56"  with  i\  f$'.  35''lat, 
ibuth. 

Nov.  22.  The  Comet  was  feen  by  Adontensri  in  ill 
2®.  j}\  But  at  Bojion  in  New-Englmi^  it  was  found 
in  about  HI  5S  and  with  almoft  the  Tame  latitude  as  be-* 
fore,  that  is,  i^,  50'.  The  fame  day  at  5^  morning 
at  BMafore  the  Comet  was  obferv'd  in  fR  1°.  50';  and 
therefore  at  5**  morning  at  London  the  Comet  was  in  tfl 
5°.  5'  nearly i  The  fame  day  at  (Sj**  in  the  morning 
at  London^  Dr.  fliwi^obferv'd  it  in  about  V\  5°-  Jo'; 
and  that  in  the  right  line  which  paffeth  through  SpU4> 
fflj  and  Cor  Leonis;  not  indeed  exaftly,  but  deviating! 
little  from  that  line  towards  the  north,  Montenm  like- 
wife  obferv'd,  that  this  day  and  fome  days  after,  a  right 
line  drawn  from  the  Comet  through  Spica^  pafs'd  by 
the  fouth  fide  of  Cor  Leonisj  at  a  very  fmall  diftance 
therefrom.  The  right  line  through  Cor  Leonis  and 
Spka  m  did  cut  the  ecliptic  in  ^  j<>.  46'  at  an  angle 
of  2^  51*.  And  if  the  Comet  had  been  in  this  line 
and  in  ni  ;o.  its  latitude  would  have  been  2^.  i6'. 
But  fince  Hool^  and  Montendri  agree,  that  the  Comet 
was  at  fome  fmall  diftance  from  this  line  towards  the 
north,  its  latitude  muft  have  been  fomething  lefs.  On 
the  20th,  by  the  obfervation  of  Montenariy  its  latitude 
was  almoft  the  fame  with  that  of  Spica^  that  is  about 
I**.  50'.  But  by  the  agreement  o£ Hooky  Montenari  and 
jlngoy  the  latitude  was  continually  increafingand  there- 
fore muft  now  on  the  2  2d,  be  fenlibly  greater  than 
A  a  2  z^- 
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10.  }o'.     And  taking  a  mean  between  the  extreme  li- 
^K  i..     mits  but  nowftated  2^.  z^'andi®.  ?o',  the  latitude  will 

,>Yifi(L^tj^  ,,,-111  •' 

be  about  i«.  55^  Hook^znd  Montenari  agree  that  the 
tail  of  the  Comet  was  direfted  towards^jprw  ^,  de- 
clining a  little  from  that  Star  towards  the'fouth  accord- 
ing to  Hookey  but  towards  the  north,  according  to 
Montenari.     And  therefore  that  declination  was  fcarcely 

ui  Mki«u    fc"f*ble  ;  and  the  tail  lying  nearly  parallel  to  the  equa- 
*^    tor,  deviated  a  little  from  the  oppofition  of  the  Suoi 
towards  the  north. 

Nov.  zj.  O.  S.  At  5^  morning  at  NmemlHrg  (^x\m 
is  at  4**^  at  London)  Mr.  Zimmerman^  faw  the  Comet 
in  01  8°.  8'  with  2°.  5  i  fouth  lat.  its  place  being  col- 
leded  by  taking  its  diftances  from  fixed  Stars. 

Nov.  24.  Before  Sun-rifing  the  Comet  was  fecn 
by  Montenari  in  Hi  12®.  52'  on  the  liorth  fide  of  the 
right  line  through  Cor  Leonis  and  Spica  ^,  and  there- 
fore its  latitude  was  fomething  lefs  than  2^.  58'.  And 
fince  the  latitude,  as  we  faid,  by  the  concurring  ob- 
fervations  of  Montenari,  Ango^  and  Hook^  was  conti- 
nually increafing;  therefore  it  was  now  on  the  24th 
fomething  greater  than  i°.  58';  and,  taking  the  mean 

v\t.v'w^^^^^^"^y'  "^^y  he  reckoned  2°.  18',  without  any  con- 
fiderable  error.  Ponihml  and  Galietius  will  have  it  that 
the  latitude  was  now  decreafing;  and  QUius  and  the 
obferver  in  A^f?2^-£Ag/^^,  that  it  continued  the  t fame, 
viz».  of  about  i°,  or  17^.  The  obfervations  of  Pon- 
thaus  and  Cellius  are  more  rude,  efpecially  thofe  which 
were  made  by  taking  the  azimuths  and  altitudes ;  as  arc 
alfo  the  obfervations  of  Galletim.  Thofe  arc  better 
which  were  made  by  taking  the  pofition  of  the  Comet 
to  the  fixt  Stars  by  Montenari,  Hool^y  A»gOy  and  the 
obferver  in  New-England,  and  fometimes  by  PonthoMS 
and  CelltHs.  The  fame  day^  at  5**  morning  at  BalUfire 
the  Comet  was  obferved  in  ?fl  11°.  45';  and  therefore 
at  5^  morning  at  London  was  in  ni  ij«  nearly.     And 
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by    the  theory,   the  Comet  was  at  that  time  in  ^ 
1 3*^*  zz'.  42". 

JVbv.  25.    Before   Sun-rife  Montetutri  obferv'd  the 
Comet  in  ni  iy^\  nearly;  and  CcIUhs  ohkr\*di  at  the 
fame  time  that  the  Comet  was  in  a  right  line  between 
the  Jttlght  Star  in  the  right  ^^jigh  of  Virgo  and  the  jUv^<»^*S 
fou;nernTcale  of  Libra;  and  thisright  line  cuts  the  >vw>U 
Comet's  way  in  ra  180.  x6\     And  by  the  theory  thcT^'*^*^ 
Comet  was  m  iTi  18°  f  nearly* 

Brom  all  this  it  is  plain  that  thefe  obfervations  agree  cJ-oVo 
with  the  theory,  fo  far  as  they  agree  with  one  another, 
and  by  this  agreement  it  is  made  clear  ch^t  it  was  one 
and  the  fame  Comet  that  appeared  all  the  time  from 
Nov.  4.  to  Mat.  p.    The  path  of  this  Comet  did 
twice  cut  the  plane  of  the  ecliptic,  and  therefore  was 
not  a  right  line.  It  did  cut  the  ecliptic^  not  in  oppofice 
parts  of  the  hfijtvens,  but  in  the  end  of  Virgo  and  be-  <^,^  J 
ginning  of  Capricorn,  inchiding  an  arc  of  about  p8®. 
And  therefore  the  way  of  the  Comet  did  very  much 
deviate  from  the  path  of  a  great  circle.    For  in  the  ^^**^*^^ 
month  of  iVw.  it  declined  at  tcaft  j*^  from  the  ecliptic  ^\  tjutr 
towards  the  (outh ;  and  in  the  month  of  Dec.  follow-  ^^ 
ing  it   declined"  29°  from  the   ecliptic  towards  the 
north ;  the  two  parts  of  the  orbit  in  which  the  Comet 
descended  towards  the  Sun,  and  afcended  again  froni^. 
the  Sun,  declining  one  from  the  other  by  an  apparent 
angle  of  above  3©%  as  obferv'd  by  Mmunari.     This 
Comet  traveVd  over  5)  figns,  to  wit,  from  the  laft  ^eg. 
of  Si  to  the  beginning  of  II,  befide  the  fign  of  A.f 
thro'  which  it  pafs'd  before  it  began  to  be  feen.  And 
there  is  no  other  theory  by  which  a  Comet  can  go  over  fa 
great  a  part  of  the  heavens  with  a  regular  motion.   The  ^[^{^^ 
motion  of  this  Comet  was  very  unequable.  For  about  the 
20th  of  Nov.  it  defcrib'd  about  5^  a  day.     Then  its 
motion  being  retarded,  between  Nov.  i6.  and  Dec.  11. 
to  wit,  in  the  fpace  of  1 5  f  days,  it  defcribM  only  40®. 
But  the  naotion  thereof  being  afterwards  accelerated,  it  ((jLUtuxN 
..„-  -  -  -     A  a  5  ;*^^""^  defcrib'd       ' 
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defcrib'd  n^ar  5®  a  day,  till  its  motion  began  to  be  a* 

gain  retarded.    And  the  theory  which  juftly  correfponds 

with  a  motion  fo  unequable,   and  through  fo  great  a 

part  of  the  heavens,  which  obferves  the  fame  laws  with 

the  theory  of  the  Planets,  and  which  accurately  agrees 

with  accurate  aftronomical  obfervations,  cannot  be  other^ 

wife  than  true. 

/voi  A  AM  A  •:      ^^^  thinking  it  would  not  be  improper,  I  have  giv'n 

«      ^  (?/.  180  a  true  reprefentation  of  the  orbit  which  this 

^x{j^-.      Comet  defcrib'd,  and  of  the  jall  which  it  emitted  in 

\         i  feveral  places,  in  the  annexed  figure;  protraft^d  in  the 

J^"^^'-"^^''    plane  of  the  trajeftory.     In  this  fcheme  ^B  C  repre- 

fents  the  trajedory  ot  the  Comet,  D  the  Sun,  D£  the 

axis  of  the  trajeftory,  DF  the  line  of  the  nodes,  GH 

the  interfeftion  of  the  fphere  of  the  orbis  magnns  with 

the  plane  of  the  trajedory,   /  the  place  of  the  Comet 

J^ov,  4.  jinn.  1 580,  /Cthe  place  of  the  fame   Nov.  11, 

Z  the  place  of  the  fame  Nov.  19.  iW  its  place  Dec.  ii, 

iST  its  place  Dec.  21.  O  its  place  Dec.  29.  P  its  place 

Jan.  5.  following,   O  hs  place    Jan.  1^.  R  its  place 

Fib.  5.  .y  its  place   F^:i'y.  T*  its  place  March  5.  and 

^its  pla^e  March  9.     In  determining  the  length  of 

the  tail  I  made  the  following  obfervations. 

Nov.  4.  and  6.  the  tail  did  not  appear;  Nov.  11. 

?  ,,vl  .,,,0  ^^  ^^^'  J"^  begun  to  fliew  itfelf,  but  did  not  appear 

above  \  deg.  long  through  a  10  foot  telefcope;  Nov* 

17.  the  rail  was  feen  by  Pontham  more  than  15®  long; 

Nov.  18.  in  New-England  the  tail  appeared  50^  long, 

and  diredly  oppofice  to  the  Sun,  extending ^tfelf  to 

,  i  '^       'the  planet  Mars,  which  was  then  in  ^  9^.  54^'}%^. 

19.  in  MaYj'Landy  the  tail  was  found  15°  or  20°  Ibng^ 

Dec.  10.  ("by  the  obfervation  of  Mr.  Flamjiead)  the 

t^il  pafs*d  through  the  middle  of  the  diftance  intercepted 

between  the  tail  of  the  Serpent  of  Ophiuchus  and  the 

'^  Star  i"  in  the  fouth  wing^of  Jquila^  and  did  terminate 

near  the  Stars  j4y  wy  i,  in  Bayer's  tables.     Therefore  the 

Wjd  of  the  tail  was  in  VS  19^°,  with  latitude  about 
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34  :jo  north;  DiC.  11;  it  afcendcd  to  the  hkJ  of -Sr-  tJi^-^-Wv. 
£itta  iBiftr's  ct^  fi)  terminating  in  VS  rtf^.  45',  with  b- 
ticude  jS^  34'  north;  2)vr«  z£.  it  paft^d  through  the 
n%iddk of  S^ttdy  nor  did  it  readi  much  farther;  tep-^e«»A^^A/ 
minating  in  ^  4^with  latit53e  41^°  north  nearly.  >u»4  fyVi 
But  thcfe  things  are  to  be  underftood  of  the  length  of  j^^^J^^^, 
the  brighter  part  of  the  taiL     For  with  a  more  faiw  *  Iv^lc 
lightr  oWerv'd  too  perhags  in  a  ferener  sky,  at  Rifii^^^iUtU4 
Hec.  II.  5^.  46*7^7  the  obfervation  of  Fonth€US9  tlbk\^^ . 
tail  arofe  td  10^  above  the  rump  of  the  fwan,  and  the  j|j^ 
fide  thereof  towards  the  weft  and  towar3nhe  nortli)  ^  cf j;^o  ^ 
was  45*  diftant  frdra  this  ftar.     But  about  that  timt  ;tr<MUo 
the  tail  was  }<*  broad  towards  the  upper  end;  and  there-     tvtt\.v„ 
fore  the  middle^tliSfeof  was  2^  T5   diftant  from  thafV^^^^,  ^ 
ftar towards  the  fouth,  Ind  the  upper  end  Was  M  in  iV*    ^^fti^iCr 
mth  latitude  <7i°  north.  And  thence  the  tail  was  about 
yo^  long.  J}ec.  21.it  extended  almoft  to  Caffiafeia*s  chair,  ^  v*tU 
equally  diftant  from  jS  and  from  Schedir»  fo  as  its  dilfance 
from  cither  of  the  two  was, equal  to  the  diftance  of  the 
one  from  the  other,  and  therefore  did  terminate  in  T 
24®  with  latitude  47 1°.  Dec.  29.  it  reached  to  a  con-  ^  I  ct^^lp^ 
taft  with  Schcat  on  its  left,  and  exactly  filrd  up  thei*^«^c^l^ 
foace  between  the  two  fl:ars  in  the  northern  foot  ofjift^ 
dromc^,  being  54^  in  length;  and  therefore  terminated 
in  e  I5>°with  3$°  of  latitude.  Jm.  5.  it  tbuch'd  the 
Stat  T  in  the  brcaft  of  Jiftdr$med4i  on  its  right  fide,  ,^iJi\jo 
and  the  Star  ji*  of  the  girdle  on  its  left;  and  according    \4^^^  ^^v 
to  our  obfervaeions,  was  40°  long  j'^ut^it^was  curved,  ^^^ 
^nd  the  convex  fide  thereoflay  to  the  fouth.  Andnear^  >  *»*^v1r;  7 
the  head  df  the  Comet,  it  n5a3fe  an  angle  of  4*^  with  the'^  ^^*  '^^♦^^ 
circle  which  pafs'd  through  the  Sun  and  the  Comet's 
head.    But  towards  the  other  end,  it  was  inclined  to 
*that  circle  in  an  angle  of  about  10"  or  il°.     And  the 
chord  of  the  tail  contained  with  that  circle  an  angle  of 
%\  Jan.  13.  the  tail  terminated  between  Ahmech  and  ^ 
Alfol^    with  a  light    that  was  fenfible  enough;   but<-n:-^**^ « 
with  a  faint  li^ht  it  ended  over  againft  tKeTStar  %  in 
ii^(  A  a  4      i^Ai^         ferfcm'% 
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TerJiMs*s  fide*  /  Thediftanceof  thcendof  the  tail  fnsn 
the  circle  pafliag  through  theSjun  and  the  Cometh  was 
3***  ^'.  And  the  inclination  oC  the  chord  of  the  tail 
to  that  circle  was  85-^  Jan,  2.5.:  and  z6.  it  (hoot 
J(x)^Ji  with  a  faint  light  ro  the  length  of  iJ"  or  7^     And  for 

dJio  *  ^s^^  ^^  ^^^  ^^^^^  ^^^^  ^^^^^  ^^^  ^  ^^^y  ^^^^  ^y^ 

it  extended  to  the  length  of  i  t^y  or  fomeching  more» 

jC'i'c4.t  ^^^^  ^  ''S*^^  ^^^^  ^*^  ^^^y  ^^'°^  ^°^  very  hardly  to  be 

t^  "^     feen.    But  the  axe  thereof  was  exadly  dicefted  to  the 

-Vtcvd*/    bright  Star  in  the  eaftern  (houldicr  of  j4mi49  and  there- 

Wrwvt/^  "fore  deviated  from  the  oppofitlon  of  the  Sun  towards 

the  north,  by  an  angle  of  10°.   Laftly,  Fet.  lo*  with 

^-n  a tclefcope  I  obferv'd  the  tail  i""  long*     For thatjazatet 

^A^  ivL^     ^^^^^  which  I  fpoke  of,  did  not  app€ar  through  the 

\\Ah<^     glafles.     But  PoHtSi$ts  wiws  that  on  Feb.  7.  hefaw. 

Kv^Wv^T^      the  tail  11°  long,  /v^.^zj/tlie  Comet  was  without  a 

,  tail,  and  To  continued  till  it  difappeared. 

.-{.  !ii/v.e^v      Now  if  one  reflgi^  uponjhe  orbit  defcrib'd,  and 

)  ^  i^^rt^<^  ji^^Y  confiders  tFe  other  appearances  of  this  Comet,  he 

^^Vjj.^^^  wm  b^eafily  fatisfy'd  that  the  bodies  of  Comets  are 

^        t         folidj  comp^i^i   fixt  and  durabfer  like  the  bodies  of 

.  the  Planets.     For  if  they  were  Ji^feiPS^Sii^^^^  theva- 

61  'U^a^^ma      pQy^j  Qj.  exhalations  of  the  EartnTot  theSun,  and  other 

.  Planets^  this  Comet  in  its  paffage  by  the  odgbbomr 

v<^».v.N<U4  hood  of  the  Sun,  would  have  been  immediate^  diiS- 

c:©JcW    ^^^'    For  the  heat  of  the  Sun  is  as  the  denfity  of 

Its  rays,  that  isj'^iprocally  as  the  fquare  of  the  di- 

/lance  of  the  places  from  the  Sun.     Thereforei  fince  on 

Ike.  8-  when  the  Comet  was  in  its  perihelion,  the  di- 

ftance  thereof  from  the  centre  of  the  Sun   was  td  the 

diftancQof  the  Eaitb  from  the  fame  ascbout  6  to  looo, 

the  Sun's  Ixeat  on  the*  Comet  was  at  that  time  to  the 

^.f^(^  heat  of  the  Summer-Sun  with  us,  as  loooooo  to  ^6, 

ox  as  z8ooo  tg  !•    But  the  heat  of  boiling  water  is 

about  3   times  greater  than  the  heat  which  dry  earth 

,.vfs*^/ir  ^^q^ires  from  th€  Summer-Sun,  as  I  have  try'd;  and 

^  the  hfat  of  red-hot  iron  (if  my  oonjefturc  is  right)  is 

about 


Digitized 


by  Google 


iBook  III.    ^  Natural  Thilofaphy.  stfi 

about  three  or  four  tiines  greater  than  the  heat  of  boil- 
ing water.    And  therefore  the  heat,  which  dry  ^arth     »     ^. 
on  the  Comer,  while  in  its  perihelion,  might  have  coo-^^  c^Jt*^ 
ceived  from  the  rays  of  the  Sun,  was  about  2000  times 
greater  than  the  heat  of  red-hot  iron.     But  by  fo  fierce  vUt'i>^o 
a  heat,  vapours  and  exhalations,  and  every  volatile  mat- 
ter muft  have  been  immediately  confum^d  and  diffi- 
pated. 

This  Comet  therefore  muft  have  concciv'd  an  im- 
menfe  heat  from  the  Sun,  and  retain  that  heat  for  an  ju^vh^avw/ 
exceeding  long  time.     For  a  globe~of  iron  of  an  inch 
in  diameter,  cxpos'd  red-hot  to  to  the  open  air,  will 
jcarcely  lofe  all  its  heat  in  an  hour's  time ;  *  but  a  greateriW*^ 
^lobe  would  retain  its  heat  longer  in  the  proportion  of^ 
-Its  diameter,  becaufe  the  furface  (in  proportion  to  which 
it  is  cool'd  by  the  contaft  of  the  ambient  air)  is  in  that 
proportion  kfs  in  refpcft  of  the  quantity  of  the  in-  ^^ij^^^ 
eluded  hot  matter.     And  therefore  a  globe  of  red-H^ 
iron,  equal  to  our  Earth,  that  is,  about  40000000  feet 
in  diameter,  would  fcarcely  cool  in  an  equal  number  of 
-days,  or  in  above  50000  years.     But  I  fufped  that  the 
duration  of  heat  may,  on  account  of  fome  latent  caufes,  -i^^^"^^^ 
increafe  in  a  yet  lefs  proportion  than  that  of  the  diame-  ^'^'^^^     ,  ^ 
tet;  and  I  ftiould  be  glad  that  the  true  proportion  was  <^ff^^<^^ 
invcftjgated  by  experiments. 

It  is  furthgr  to  be  obferv'd*,  that  the  Comet  in  the  a.A^^^^^ 
month  of  December^  ^]\x&  after  it  had  been  heated  by        /;. 
-the  Sun,  did  emit  a  much  longer  tai[,  and  much  more   ^  ^   ^ 
fplendid,  than  in  the  month  of  November  before,  when 
it  had  not  y^t  arriv'd  at  its  perihelion.     And  univer-^cnto^^ 
"^^ially,  the  gteateft  and  mod  fulgent  tails  always   arife  ^C('(^*^* 
fiom  Comets,  inimediately  after^  their  paffing  by  the  ctL>^\>t^.^ 
iiei^hbourhood  of  the  Sun.     Therefore  the  heat  re-  |W!r^4v^«***l 
ceived  by  the  Comet  conduces  to  the  greatnefs  of  ^c^'JlM'^i^*^^ 
.the  tjiil.     From  whence  I  think  I  may  inftiwETt  the  jvuwio 
tswl  is  nothing  elfe  but  a  very  fine  vapour,  which  the  /r^<i^ 
head  or  nucleus  of  the  Comet  emus  by  its  heat,  d^/^^/i^ 

But 
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But  we  have  nad' three  feveral  opinions  about  the 
^  tails  of  Comets.     For  fome  will  have  it,  that  they  are 
-/^l4;i*.e^  vvwROfl^ing  ^'^  hat  the  beams  of  the  Sun*$  light  tranf- 
•ol^OL^   initted  tKrough  the  ConTet's  heads,  which  they  fup* 
pofe  to  be  tranfparent;  others IHatthey  proceed  from 
the  refraftion  which  light  fuffers  in  paffing  from  the 
Comet's  head  to  the  Earth :  and  laftly  others,  that  they 
I  are  a  fort  of  clouds  or  vapour  conftantly  rifing  from 

AvvA.^\      ^^  Comet's  Reads,  and  tending  towards  the  parts  op- 
pofire  to  the  Sun.     The  firft  is  the  opinion  of  fuclh 
^ur^wrt.^7«.Aas  are  yet   unacquajnted  with  optics.     For  the  beams 
K.    J./  #:^  of  the  Sun  are  ken  m  a  darkneJ  room  only  in  confe* 
Vji>;i*^^'^*tltiencepf  the  light  that  is  refleaed  from  them  by  the 
■y^x^i^^       little  particles  of  juft  and  fmoak  which  are  always  Jly-^ 
^^,^,v^veA  ^^^  about  in  the  air.  And  for  tliat  reafon  in  air  impreg- 
^;;rJjiNr^    bated  with  thick  fmoak,  thofe  beams  appear  with  great 
L^^v^^^^      brightnefs,  aiidjncj^the  (enfe  vigoroufly;   in  a  yet 
^^^^ul    *"^^  air  they  ap>ear*^ore^ftInt,  and  are  lefs  eafily  dif- 
4*^^^    cerned;  but  in  the  h??Y5S^^''^^^  i^itxc  is  ijo  matter 
^"^  "^*^       to  refleft  the  light,  tliey^can  never  be  feen  at  alK  Light 
is  not  fc^n  as  it  is  in  the  beam,   but  as  it  is  thence  re* 
fi^^     flefted  to'our^ii.     For  yifion  can  be  no  otherwife 
produ'ced  than  by  rays  falling  upon  the  eyes.     And 
therefore  there  muft  be  fome  refleding  matter  in  thofc 
parts  where  the  tails  of  the  Comets  are  feen:  for  other- 
wife,  ffnceaH  the  eeltRial  fpacesarci  equally  illuminated 
by  the  Sun's  light,  no  part  of  the  heavens  could  ap- 
pear with  more  fplendor  than  Another;    ^he  fecond  o- 
•pinion  is  liable  to  many  difficulties.  The  tailt  of  Comets 
are  neverleeiTv^ariegated  with  thole  colours  which  com- 
monly are  infeparable  from  refradiioti.  And  the  diftinft 
tranfmiffion  of  the  light  of  the  fixt  Stars   and    Pla- 
nets to  us,  is  a  demonftration  that  the  «ther  or  celeftial 
::>A^rr   medium  !s  not  endow'd  With  any  refraftivcpowcr.   For 
as  to  what  is  airedg\i  that  the  fixt  Stars  have  been  fome- 
times  feen  by  the  £^;/^/#W,  environed  with  a  Comdy 
or  Ci^phiitmmx  becaufe  thgt  has  but  rardy  happen Vl>  it 
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*s  rather  to  be  afcrib*cl  to  a  cafual  refraftion  of  clouds;  '^^  ^ 
aria  fo  the  radiation  and  fcintillation  of  the  fixt^^tars;  '^^^ 
TO  rhe  rcfraftions  both  of  the  eyes  and  air.    For  upon 
laying  a  telefcope  to  the  eye  thofe  radiations  and  fcio-  c^^^^-vtAo 
tiUations  immediately  difappear.  By  the  tremulous  agi« 
ration  of  the  air  and  afcenaing  vapours,  it  happens  that 
the  rays  of  light  arc  alternately  turn'd  afide  from  the  «-  A*^ ,  ' 
narrow  fpace  of  the  pupil  of  the  eye;  but  no  fucb  wt^/^-^*^ 
thing  can  have  place  in  the  much  wider  aperture  of  the  ^\ak  oimj<4io 
objed-glafs  of  a  telefcope.    And  hence  it  is,  that  a  fcin- 
tillation is  occafion'd  in  the  former  cafe,  which  ceafes 
in  the  latter.     And  this  ceflation  in  the  latter  cafe  is  a 
demonftrarion  of  the  regular  tranfmiflion  of  light  through 
the  heavens,  without  any  fenfible  refraftion.     But  to 
obviate  an  objeSion  that  may  be  made  from  the  ap-       t 
pearing  of  no  tail,  in  fuch  Comets  as  fhine  but  with  t  /^^^ 
faint  hght ;  as'THhe  fecondary  rays  werelhen  too  weak  '^  ^^'^'^^"^ 
to  affeft  the  eyes  >  and  for  that  reafon  it  is  that  the 
tails  of  the  fixt  Stars  do  not  appear;    we  are  to  con* 
fider,  that  by  the  means  of  telefcopes  the  light  of  the     v    ^  - 
(ixt  Stars  may  be  augmented  above  an  hundred  (oji  ^^'V^^ 
and  yet  no  tails  are  feen;  that  the  light  oFTETPlanets  *^^W*^'  *^ 
is  yet  more  copious  without, any  rail;  but  that  Comets 
^re  feen  fometimes  with  huge  tails,  when  the  light  of  €AvWuxi^ 
their  heads  is  but  faint^nd  dull.    For  fo  it  happened  lLv>vvy  ^i 
in  rhe  Comet  of  the  year  i58o,  when  in  the  montkr^^^ "  ^'^ 
of  Dec.  it  was  fcarcely  equal  in  light  to  the  Stars  of 
the  fecond  magnitude,   and  yet  emitted  a  notable  xaiL 
extending  to  the  length  of  40",  50%  60""  or  70%    ana 
^  upwards ;  and  afterwards  on  the  27  and  28  of  January  lk<^'^<^^^^^^'^ 
when  the  head  appi&l^but  as  a  Star  of  the  7**  mag- 
nitude, yet  the  tail  {"as  was  faid  abov?)  with  a  light  , 
that  way  fenfible  enough,  though  faint,  was   fl|;^f,ht  U^l-^*^-    ^ 
out  to  !^  or  7  degTees  in  length,  and  with  a  langiiifK^^^  "J^^^  ' 
ing  light  that  was  more  difficultly  feen,  ev*n  to  12^    ^  "^^    '""^ 
l^nd  upwards.  Bqt  on  the  9  and  10  of  February ^  when 
{0  the  (naked  eye)t he  head  appear'd  no  more,  through 
3uAWAA<^  a^D                                             a  telci^ 
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^tvaT^  ^  telefcope  I  view'd  the  tail  of  i**  in  length.  But  far^ 
Ufr4<Wifff%*s*4i!j5''i  *^  ^h^  TiiTwas  owing  to  the  refradion  of  the 
^celcitial  matter,  and  did  deviate  from  the  oppofition  of 
the  Sun,  according  to  the  Figure  of  the  heavens; 
that  deviation  in  tht  fame  places  of  the  heavens 
ihould  be  always  direAed  towards  the  fame  part& 
But  the  Comet  of  the  year  i(J8o  December  28^,  85^^ 
p.  M.  at  London  was  feen  in  9i  8^  41'.  with  latitude 
'^^i^\  north  28".  6';  while  the  Sun  was  in  VS  i8^  26'.  And 
the  Comet  of  tHTyear  1577  ^^^  ^9^*  ^^^  ^^  ^  ^"* 
41*,  with  latitude  north  28°.  40',  and  the  Sun  as  be- 
fore in  about  vy  18".  2 (J'.  In  both  cafes  tKe  fituation  of 
the  Earth  was  the  fame,  and  the  Comet  appear'd  ia 
the  fame  ^ place  of  the  heavens:  Yet  in  the  former 
cafe  the  tail  of  the  Comet  (as  well  by  my  ob- 
fcrvations  as  by  the  obfervations  of  others)  deviat- 
ed from  the  oppofition  of  the  Sun  towards  the  norths 
by  an  angle  of  4^  degrees,  whereas  in  the  latter,  there 
^as  (according  to  the  obfervations  of  Tjcho)  a  devia- 
tion of  21  degrees  towards  the  fouth.  The  refradi- 
pn  therefore  of  tht  heavens  being  thus  difprov'd,  it 
remains  that  the  phancmens  of  the  taib  of  Comets  muft 
be  derived  from  fome  refleding  matter. 

And  that  the  tails  of  Comets  do  arife  from  their 
heads,  and  tend  towards  the  parts  oppofite  to  the  Sun, 
is  further  confirmed  from  the  laws  which  the  tails  ob- 
uV*  ^^i^  ft^rve.  As  thatJjQng  in  the  planes  of  the  Comet's  orbits 
which  pafs  through  the  Sun,  they  conftantly  deviate 
from  the  oppofition  of  the  Sun  towards  the  parts 
which. the  Comet's  heads  in  their  progrefs  along  thcfe 
orbits  have  left.  That  to  a  fpedator,  plac'd  in  thofc 
planes,  they  appear  in  the  parts  diredly  oppofite  to  the 
Sun  ;  but  as  the  fpedator  recedes  from  thofe  planes, 
their  deviation  begins  to  appear,  and  daily  becomes 
greater.  That  the  deviation,  ceteris  paribus^  appears  Icfs, 
when  the  tail  is  more  oblique  to  the  orbit  of  the  Co- 
met, as  well  as  when  the  head  of  the  Comet  approaches 
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learcr  to  the  Sun,  cfpecially  if  the  angle  of  deviation  n 
jftimatcd  near  the  head  of  the  Comer.    That  the  taih 
vliich  have  no  deviation  appear  ftrjjghf,  but  the  tail?  Aiwc^  ^ 
•vhich  deviate  are  likewife  bended  into  ^  certain  cur- ^^AA^^<^^ 
raturc.  Thatthis  curvature  is  greater  when  the  deviarioir 
is  greater;  and  is  more  fcnfiWe,  when  the  tail,  ceeteris pa* 
rwHS,  is  longer:   for  in  the  (hortcr  tails  the  curvature lAfcA^^^tM 
is  hardly  to  be  perceiv'd.    TKaTthe  angle  of  deviation  ^u  ^jj^ 
is  leifTnear  the  Comet's  head,  but  greater  towards  the       • 
other  trtd  of  the  tail ;  and  that  becaufe  the  convex  fide 
of  the  tail  regards  the  pares,  from  which  the  deviation 
is  made,  and  whichjye  in  a  right   line  drawn  out  in- iiJ\>r^<^ 
finitely  from  the  Sunthrough  the  Comet's  head.  And  . 

that  the  tails  that  are  long  and  broad,  ^^^^vJ^jfiS^with  x  ^moAa-^ia 
ftronger  light,  appear  more  refplendent  anomorc  exaft- 
'  ly   defin'd  on  the  convex  than  on   the  concave  fide. 
tJpon  whicb  accounts,  it  is  plain   that  the  ph^tmmcna  cV/o 
of  the  tails  of  Comets,  depend  upon  the  motions  of    V. 
their  heads ,  and  by    no   means  upon  the  places  of 
the  heavens  in   which  their  heads  are  feen,  and  that 
therefore  the  tails  of  Comets  do  not  proceed  from  the 
refra<5tion  of  the  heavens,  but  from  their  own  jigads,^v^<^^^ 
which  furnijh  the  matter  that  forms  the  tail.     For,  as  ^^\Wd<^^'^i 
in  our  air,  the  finoak  of  a  heated  body  afcends,  either  j5i,wYvv^ 
perpendicularly  TfTEe  body  is  at  rc^,  or  obliquely,  if 
the  body  is  mov'd  obliquely ;  fo  in  the  heavens,  where  X<:^^^^ 
all  bodies  gravitate  towards  the  Sun,  finoak  and  vapouc    fi>o.^>vA  \ 
rnuft  (as  wc  have  already  faid)  afcend  from   the  Sun,    m^ 
and  either  rife  perpendicularly,  if  the  fmoaking  body    \,  (vt 
is  at  reft;  or  obliquely,  if  the  body,  in  all  the  progrets 
of  its  motion,  is  always  leaving  thofe  places  from  which  /r^^^^"^*-^ 
the  upper  or  higher  parts  of  tne  vapour  had  rifen  be-  A  vjl-^ 
fore.     And   that  obliquity  will  be  leaft,  where  th&  va-  'vwli^v^^^o 
pour  afcends  with  moft  velocity,  (jto  wir>iear  the  fmoak-  xi  hjtl/ 
mg  body,  when  that  is  near  the  Sun.     But  becaufe  the 
obliquity  varies,  the  column  of  vapour  will  be  incur- 
vatCQ  9  and  becaufe  the  vapour  in  the  preceding  fide  is 

foroe- 
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.        .   ibmething^ipore  recent,  that  is,  hasafcended  fomething 

/l^' ^     morejatc  from  the  body,  it  will  therefore  befomething 

more  denfe  on  that  fide,  and  muft  on  that  account  re- 

j^^^^     flcft  more  light,  as  well  as  be  better  defin'd*     I  add 

V^     nothing  concerning  the  fudden  uncertain  agitatioiToF 

^e^u^^^'^^^he  tails  of  Comets,  and  their  irregular  figures,  which 

Authors  fometimes  defcribe,   becaufe  they  may  arife 

from  the  mutations  of  our  air,  and  the  motions  of  our 

>    I  ^^^,^    clouds,  in  part  obfcuring  thofe  tails  5    or  perhaps  from 

^  parts  of  the  Via  LaHeay  which  might  have  been  con- 

.   founded  with  andmiftaken  for  parts  of  the  tails  of  the 

j,Ti^wA>tw..A^  Comets  as  they/pafled^y,)  v^tiA 

But  that  the  atmofpheres  of  Comets  may  furnifli  a 
fupply  of  vapour,  great  chough  to  fill  foimmenfe  fpaces, 
we  may  eafily  underftand  from  the  rarity  of  our  own 
air.     For  the  air  near  the  furface  of  our  Earth,  pofleffes 
afpace  850  times  greater  than  w^ter  of  the  fame  weight. 
And  therefore  a  cylinder  of  air  850  feet  high,  is  of 
equal  weight  with  a  cylinder  of  water,  of  the  fame 
c^.vuV^^'^*^    bteadth  and  but  one  foot  high.     But  a  cylinder  of  air, 
f  >'  ^u-^     i;eadung  to  the   top  of  the  atmofphere,  is   of  equal 
. 'H   l^^'  weight  with  acylTnder  of  water,  about  53  feet  high: 
and  therefore,  if  from  the  whole  cyhnder  of  air,  the 
V  Au  \  *^v<<^<ii9W?r  P^r^  of  850  feet  high  is  taken  away,  the  remain- 
ing upper  part  will  be  of  equal  weight  with  a  cylinder 
of  water  52  feet  high.     And  from  thence  (and  by  the 
hypothefis,  confirin'd  by  many  experiments,  that  the 
compreffion  oF  air  is  as  the  weight  of  the   incumbent 
atmofphere,  and  that  the  force  ot  gravity  is  reciprocal- 
ly as  the  fquare  of  the  diflance  from  the  center  of  the 
x^k  u.ts.v^>/  JEarth)  raifing  a  calculus,  by  cor*  prop.  ti.  book  !• 
.1  found,  that  at  the  heigh th  of  one  femidiameter  of  the 
t  fc-.xc<^wi^  Earth,  reckon'd  from   the  Earth's  furface,   the  air  is 
ecvv  wv^^jA'vt*.  .  ajiore  rare  than  with    us,    in  a  fa r  greater  proportion 
than  of  the  whole  fpace   within  the  orb  of   Saturn 
to  a  fpherical  fpace  of  one   inch  in  diameter.      And 
therefore  if  a  fphere  of  our  air,  of  but  one  inchintfeidt 


Digitized  byVjOOQlC 


t^fgs  was  equally  rarity 'd  with  the  air  at  the  hcigbth.of  ^>)^M«^ 

one  femi*  diameter  of  the  Earth  from  the  Earrh's  fur^ 

face  >  it  would  fill  all  the  regions  of  the  Planets  to 

the  orb  of  Saturn  and  fkbeyond  it.     Wherefore  fiiice>Mv^  ^\\<^\ 

the  air  at  greater  diftances  is  immenfely  rarify'd,  and         **^^ 

the  coma  or  atmofpherc  of  Comets  is  ordinarily  about 

ten  times  higher,  reckoning  from  their  centers,  than  ccJ^M.i<^^^  ^  ^ 

the  furface  of  the  nucleus,  and  the  tails  rife  yet  higher, 

they  muft  therefore  be  exceedingly  rare.    And  thg^  oaa^^a^ 

on  account  of  the  muchjhicka'  atmofpheres  of  Comets  v%  <m  m/^«^ 

and  the.  great  gravitation  o^  their  bodies  towards  tht 

Sun,  as  well  as  of  the  particles  of  their  air  and  vapours 

uautually  one  towards  another,  it  may  happen  that  the  ^r^^-^'^ 

air  in  the  celeftial  (paces  and  in  the  tails  oTComef?,  is    ^ 

not  fo  vaftly  rarity 'd;  yet  from' this  computation  ic  .i*^  vv4>a./« 

is  plain,  that  a  very  fmalPquantity  of  air  and  vapour  c  U'^V- 

is  abundantly  fufficient  to  produce  all  the  appearances       lAiju^AV*^ 

of  the  tails  of  Comets.    For  that  they  are  indeed  of  a  ^"^  ^     ^ 

very  notable  rarity  appears  from  the  fhining  of  tbe^^vc^i-.' 

Stars  through  them.     The  atmofphere  of  the  Earth, 

illuminated  by  the  Suns  light,  tho*  but  of  a  few  miles  ^^Jl^^'^T^ 

in  thicknefs,  quite  obfcures  ancTextinguiftics  t^  I'gbc  j(l^^CJ^*«<^ 

noroHy^  all  the  Stars,  but  ev*n  of  the  Moonjtfelf:    ,    ,  v 

whereas  the  fmalkft  Stars  are  feen  to  fhine  through  the  ^'i;^v7  ^ 

immenfe  thicknefs  of  the  tails  of  Comets,  likcwife  illu-  >/;u^m-v— 

roinated  by  the  Sun,  without  the  Icaft  diminution  of 

their   fplendor.   Nor  is4ftir*brightnefs  of  the  tails'  of 

moft  Comets  ordinarily  greater  than  that  of  our  air  ati  ^,.J.- 

inch  or  two  in  thicknefs,  reflcftingin  a  dajdken'd  room^^*'*^^  ' 


(l^^^^t-^v 


the  light  of  the  Sun  beams  let  in  by  an  hole  oT  the   o^*^^*^  ^ 
window- (hut.   :r  ^H^^^t**^  c*vW«.iA».  K,j(, 

"And  we  may  pmty  nearly  determine  the  time  fpent  /^^^^^^ 
during  the  afcent  oTthe  vapour  from  the  Comet's  head  to  '  -  f  *m  if.  i^ . 
the  extremity  of  the  tail,  by  drawing  a  right  line  from 
the  extremity  of  the  tail  to  the  Sun,  and  marking  the  ^ 

•lace  where  that  right  line  interfeAs  the  (Comet's  orbit,  i?^'^*'^^ 
For  the  vapour  that  is  now  in  the  extremity  of  the 

taU, 
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tail)  if  ic  has  afcended  m  a  right  line  from  the  Sun» 
muft  have  begun  to  rife  from  the  head,  at  the  time 
HI  hen  the  head  was  in  the  point  of  mterfeftion.    It  is 
true>  the  vapour  does  not  rife  in  a  right  line  from  the 
Sun,  but  retaining  the  motion  which  it  had  from  the 
Comet  before  its  afcent,  and  compounding  that  mo- 
tion with  its  motion  of  afcent>  arifes  obliquely*     And 
therefore,  the  folution  of  the  problem  will  be  more 
cxad>  if  we  draw  the  line  which  interfeds  the  orbit 
parallel  to  the  length  of  the  tail;  or  rather  (becaufe  d 
*Avc|H     jj^^  curvilinear  motion  of  the  Comet,)  diverging  a  lit- 
tle from  the  line  or  length  of  the  taiK     And  by  means 
of  this  principle  I  found,  that  the  vapour  which  Jam. 
25.  was  in  the  extremity  of  the  tail,  had  begui>  to  rife 
'<5».^/?ftY  ^from  the  head  before*/)^.  11.  and  therefore  had  /pent 
^x^yVi.*^^^    in  its  whole  afcent  4^  days;  but  that  'the  whole  uil 
vhich  appeared  on  Dec.  lo.  had  finiih'd  its  afcent  in 
,xx  M.  ,Jl3'^^  fpaceof  the  two  days  then  daps'd  from  the  time  (rf 
tlie  Comet"s  being  in  its  perihelion.  T^he  vapour  thcrc- 
.    J  fore>  about  the  beginning  and  in  the  njjghbourhoodof 
'**^  the  Sun,  rofe  with  the  grcateft  velocity,  iand  afterwards 
V.  tvx.cr«c      continu'd  to  afcend  with  a  motion  conftantfy  retarded 
by  its  own  gravity;    and  the  higher  it  afcended,  the 
more  it  added  to  the  length  of  the  tail.  And  while  the 
tail  continu'd  to  be  feen,  it  was  made  up  of  almoft  all 
that  vapour,  which  had  rifen  fince  the  timeof  the  Co 
met's  being  in  its  perihelion ;  nor  did  that  part  of  the 
vapour  which  had  rifen  firft,  and  which  form'd  the 
C3ttremity  of  the  tail,  ceafe  to  appear,  till  its  too  great 
diftance,  as  well  from  the  Sun  from  which  it  receiv'd 
its  light,  as  from  our  eyes,  rendered  itinvifible.   Whence 
alfo  it  is,  that  the  tails   of  other  Comets  which  arc 
fliort,  do  not  rife  from  their  heads  with  a  fwift  and 
continual  motion,  and(  foon  after) difappear;    but  are 
permanent  and  bfting  columns  of  vapours  and  exhalati- 
*ons;  which  afcending  from  the  heads  with  a  flow  mo- 
tion of  many  days,   and  partaking  of  the  motion  of 

>^^A<i\\\i^j^^  the 
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^1^  heads  which  they  had  from  the  begioniftg,  conti« 

«xue  CO  go  alon^  together  with  them  through  the  hea« 

Xrcns.     From  whence  again  we  have  another  argument /^..^^f^tT 

jprovin^ !  the  ccleftiaT  fpaces  to  be^  free  and  without  re* 

iilJancei  fince  in  them  not  only  the  folid  bodies  of 

cbe  Planets  and  Comets*  but  alfo  the  extremely  rare 

vapours  of  Comets  tails,  maintain  their  rapid  motions 

'With  great  freedom,  and  for  an  exceeding  long  time,    ixl^wf^ 

Ktpler  afcribes  the  afcent  of  the  tails  of  the  Comets 
to  the  atmofpheres  of  their  heads;  and  theit  diredion 
towards  <he  parts  oppoHte  to  the  Sun,  to  the  aftion 
of  the  rays  of  light  carrying  along    with  them  the 
matter  of  the  Comet's  tails.    And  without  any  great 
incongruity  we  may  fuppofe,  that  in   fo  free  fpaces^ 
lb  fine  a  matter  as  that  of  the  aether  may  yield  to  A*^**. 
the  aftion  of  the  rays  of  the  Sun's  light,  though^^^^^^ 
thofe  rays  are  notj[bie  fenfibly  to  move  the  grofs^^jl^T^ 
fubftances  in  our  parts,  which  are  clogg*d  with  for^^^^^j^^^i^ 
palpable  a  refiftance.  Another  author jthinks,  that  there ^^v  ,. .  ^^ 
may  be  a  fort  of  particles  of  matter ^ehdow'd  witl^  a  ^^i"  „-^;,^^^ 
principle  of  levity,  as  well  as  others  are  with  a  power 
of  gravity;  that  the  matter  of  the  tails  of  Comets  may 
be  of  the  former  fort,  and  that  its  afcent  from  the 
Sun,  may  be  owing   to  its   levity.     But  considering 
that  the  gravity  of  terreftrial  bodies  is  as  the  matter 
of  the  bodies,  and  therefore  can  be  neither  more  nor 
lefs  in  the  fame  quantity  of  matter,  I  arn^  inclined  to   A  >^-^>^:j 
believe  that  this  afcent  may  rather  proceed  from  the   ocw 
rarefaSion  of  the  matter  of  ^the  Comet's  tails.    The^^'^ 
afcent  of  fmoak  in  a  chimney  is  owing  to  the  im-  l^wN^^^n 
pulfe  of  ^e    air,  with  which  it  is  entangled.    ThCj;^^^^^^*  ^ 
air  rarefy *d  by  heat  afcends,  becaufeTtsTpecific  gra-  ^^^.c^^i.^^ 
vity  is  dimini(h*d,  ahd  in  its  afcent  carries  along  with 
it  the  fmoak,  with  which  it  is  engaged.     And  why{,.+y  .^  ^v  , 
may  not  the    tail   of  a   Conxenife    from  the  Sun,,     -.'r 
after  the  fame  manner  ?    For  the  Sun's  rays  do  not  aft 
ppon  the  mediums  which  they  pervade  otherwife  than 
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by  reflexion  and  refradion.    And  thofe  refieding  par- 
tides  heated  by  this  adion,  heat  the  matter  of  the  aether 
which  is  involv'd  with  them.     That  matter  is  rarefied 
by  the  beat  which  it  acquires;  and  becaufeby  thisrare- 
fadion  the  fpecific  gravity  with  which  it  tended  to« 
wards  the  Sun  before  is  diminifti'd,  it  will  afcend  there- 
fromj  and  carry  along  with  it  the  refleding  parcicles» 
of  which  the  tail  of  the  Comet  is  compos*d.     But  the 
'I  ..v^<!^'vxvvr  afcent  of  the  vapours  is  further  promoted  by  their  cir- 
cumgyration about  the  Sun,  in  7:onIequence  whereof 
c4i  x^  ;k<.     *hey  endeavour  to  recede  from  the  Sun,  while  the  Sun's 
^  atmofphere  and  the  other  matter  of  the   heavens  arc 

^  .       ,  I    either  dtogether  quiefcent,  or  are  only  mov'd  with  a 
['^^y^v^^V  '     flower  circumgyration  deriv'd  from  the  rotation  of  the 
Sun*     And  thefe  are  the  caufes  of  the  afcent  of  the 
tails  of  the  Comets  in  the  neighbourhood  of  the  Sun, 
,  ^  ^  ^   .V.  .j  jiwhcre  their  orbits  are  bent  into  a  greater  curvature,  and 
\       the  Comets  themfelves  are  plung'd  into  the  denfer,  and 
\Ki,s^M.^Y^^'^  therefore  heavier  parts  of  tne  Sun's  atmofphere;  upon 
^^^^  ^^^        which  account  they  do  then  emit  tails  of  an  huge  length. 
For  the  tails  which  then  arife,  retaining  their  own  pro- 
per motion^  and  in  the  mean  time  gravitating  towards 
the  Sun,  muft  be  revolv'd  in  ellipfes  about  the  Sun  in 
like  manner  as  the  heads  are,  and  by  that  motion  muft 
always  accompany  the  heads,  and  freely  adhere  to  them. 
For  the  gravitation  of  the  vapours  towards  the  Sun  can 
no  more  force  the  tails  to  abandon  the  heads,  and  de« 
fcend  to  the  Sun,  than  the  gravitation  of  the  heads  can 
oblige  them  to  fdil  from  the  tails.    They  muft  by  their 
common  gravity,  either  fall  together  towards  the  Sun, 
or  be  retarded  together  in  their  common  afcent  thficcr 
Iv  .;;        jfioni.    And  therefore,  (whether  from  the  caufes  jlteadjL 
J  dcTcrib'd,  or  from  any  others)  the  tails  and  heads  of 

Comets  may  eafily  acquire,  and  freely  retain  any  pofi- 
tion  one  to  the  other,  without  difturbance  or  impedi- 
ment from  that  common  gravitation* 
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The  tails  therefore  that  rife  in  the  perihelion  poflcl« 
ens  of  the  Comets  will  go  along  with  their  heads  into 
far  remote  parts*  and  together  with  the  heads  will  either 
return  again  from  thence  to  us,  after  a  long  courfe  of 
years;  or  rathef,  will  be  there  rarefied,  and  by  degrees       » 

3uite  vaniih  away.    For  gftcrwards  in  the  defcent  of  ^/  ^ 
iie  heads  towards  the  Sun,  new  ihort  tails  will  beemit«  ^r^"" 
ted  from  the  heads  with  a  flow  motion;  and  thofetails^*]]^^ 
by  degrees  will  be  augmented  immenfly,  efpecially  in 
fuch  Comets  as  in  their  perihelion  diftances  defcend  as 
low  as  the  Sun's  atmofphere.     For  all  vapour  in  thofe  Atu  o- 
^Frce  fpaces  is  in  a  perpetual  ftate  of  rarefadion  and  di- 
latation.     And  from  hence  it  is,  that  the  tails  of  all 
Comets  are  broader  at  their  upper  extremityi  than  near/^*A  u.^    1^ 
their  heads.     And  it  is  not  unlikely,  but  that  the  va-U^wfr%l,^; 
pour,  thus  perpetually  rarefy'd  and  dilated,  may  be  at 
laft  diflipatedi  and  fcatter'd  through  the  whole  heavens,  ^yv^ 
and  by  little  and  little  be  attrafted  towards  the  Planets  ^^'  h^^* 
by  its  gravity,  and  mixed  with  their  atmofphere.   For 
as  the  feas  are  abfolutely  neceflary  to  the  conftitution  of  'w  «wt-\ 
our  Earth,  that  from  them,  the  Sun,  by  its  heat,  may 
exhale  a  fuflScient  quantity  of  vapours,  which  being j?a^  -(ux^sv  Ac 
jcher*d  together  into  clouds,  may  drop  dpwji  in  rain,  ♦^^^v^^ 
for  watering  of  the  earth,  and  for  tlie  prbHMftion  and  ^;^^^  ^r. 
nourTfhment  of  vegetables;  or  being  condensed  with  coldX^?^^^*^ 
on  the  ^ops  of  mountains,  (as  fome  philofophers  with^^^'^/ '^"^ 
reafon  judge)  may  run  dcwp  in  fprings  and  rivers;  fo^;\'*^^^u„ 
for  the  confervation  of  the  TeaV',  andtluids  of  the  Planets,  "iC^^;       * 
Comets  fcem  to  be  required,  that  from  their  exhalations  ^w,  ^ '  ,^  '"* 
and  vapours  condens'd,  the  waftes  of  the  Planetary  fluids, 
jpentupon  vegetation  and  putrefaftion,  and  converts  hv*  ..   ^ 
wTInto  dry  earth,  may  be  continually  fupplied  and  made  ^  r\  ! 
JupJ    For  all  vegetables  entirely  derive  their  growths  vv^ 
"Trom  fluids,  and  afterwards  in  great  meafure  are'turn'd 
into  dry  earth  by  putrefadion ;  and  a  fort  of  flime  \%  Xk->,j^ 
always  found  to  fettle  at  the  bottom  of  putrifiedlSuids.    -  -•  r.  ,• 
And  h?nce  it  is,  that  therbulk'^of  the  folid  earth  is  ^"^  -^ 
B  b'^sf"^-  *'^  continu* 
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continually  increafed^  and  the  fluidS)  if  they   are  not 
fupplied  trom  without^   muft  be  in  a  continual  de-» 

V  that  'tis  chiefly  from  theTComets  that  fowlrcome^^ 

|.  .tu  i^i-^u^liich  isTriiiei  the,  fimlleftj^ut  thcmoft  fubtle  anA^.t/f 
T   i^^*^  ujfifyl  part  of  our  air,**anfl*lff'ffiuch  required  to  fufbon 
V--J    iETlifkof  all  thmgs  with  us.  iMfciu^' 

'^Jk^  "  The  atroofpheres  of  CometSs  in  their  defcent  towards 
the  Sun,  by  running  out  into  the  tails  are  fpent  and 
diminifli'd,  and  become  narrower}  at  leaft  on  that  fide 
which  regards  the  Sun;  and  in  recedbg  from  the  Sun^ 
when  they  lefs  run  out  into  the  tails,  they  are  again 
enlarged,  if  HeveUus  has  juftly  mark'd  their  appearances. 
But  they  are  feen  leaft  of  all  juft  after  they  have  been 
moft  heated  by  the  Suui  and  on  that  account  then  emit 
the  longeft  and  moft  refplendent  tails ;  and  perhaps  at 
the  fame  time  the  nuclei  are  environ'd  with  a  denfer 
and  blacker  fmoak,  in  the  lowermoft  parts  of  their  at- 
ino(phere«  For  fmoak  that  is  rais'd  by  a  great  and  in* 
tenle  heat,  is  commonly  the  denfer  and  blacker.  Thus 
the  head  of  that  Comet  which  we  have  been  defcrib* 
ing,  at  equal  diftances  both  from  the  Sun  and  from  the 
Barth)  appeared  darker  after  it  had  pafs'd  by  its  perihe-* 
liouy  than  it  did  before.  For  in  the  month  of  De- 
€ember  it  was  commonly  compar'd  with  the  Stars  of 
the  third  magnitude^  but  in  November^  with  thofe  of 
the  firft  or  fecond.  And  fuch  as  fawiboth  appearances^ 
have  defcrib'd  the  firfti  as  of  another  and  greater  Comet 
than  the  fecond.  For  Nwembtr  ip.  this  Comet  app 
pear*d  to  a  young  man  at  Cambridge^  though  with  a 
pale  and  dull  light,  yet  equal  to  Spica  yirginisi  and  at 
that  time  it  (hone  with  greater  brightnefs  than  it  did 
afterwards.  And Montcftarh  Nov.  20.  ft.  vet.  obferved 
it  larger' than  the  Stars  of  the  firft  magnitude,  its  tail  be- 
ing then  z  deg.  long.  And  Mr.  StareTi  ^by  ktters 
which  have  come  into  my  hands)  writes,  that  in  the 
month  of  Deg.  when  the  ttil  appeared  of  the  greateft  bulk 
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and  rplendor^  the  head  was  but  fmatl,  and  far  lefs  than 
that  which  was  feen  in  the  month  of  November  before 
Sun-rifing ;  and  conjefturing  at  the  caufe  of  the  ap» 
pearance,  he  judg'd  it  to  proceed  from  there  being  a 
greater  quantity  of  matter  in  the  head  at  firft,  which 
was  afterwards  gradually  fpent. 

And,  which  further  makes  for  the  fame  purpofe,  I 
find,  that  the  heads  of  other  Comets,  which  did  put 
forth  tails  of  the  greateft  bulk  and  fplendor,  have  ap* 
peared  but  obfcure  and  fmalU     For  in  Br^le^  Murch 
5.   i66i.  7^  P.  M.  St.  N.  P.  FUkntinus  EJiancms  faw 
a  Comet  near  the  horizon,  and  towards  the  fouth  weft^ 
with  a  head  fo  fmall  as  fcarcely  to  bedifcem'd,  but  with  a 
tail  above  meafure  fplendid,  10  that  the  refledion  there^ 
of  from  the  fea  was  eafily  feen  by  thofe  who  flood 
upon  the  (hoar.     And  it  look'd  like  a  fiery  beam  ex- 
tended 23^  in  length  from  weft  tofouth>  almoft  parallel 
to    the  horizon.     But    this  excelfive  fplendor    con« 
tinu'd  only  three  days,  decreafing  apace  afterwards ;  and 
while  the  fplendor  was  decreafing,  the  bulk  of  the 
tail  increased.     Whence  in  Portu^^  it  is  faid  to  have 
taken  up  one  quarter  of  the  heavens,  that  is,  45  degrees, 
extending  from  weft  to  eaft  with  a  very  notable  fplen- 
dor, though  the  whole  tail  was  not  feen  in  thofe  parts, 
becaufe  the  head  was  always  hid  under  the  horizon. 
And  from  the  increafe  of  the  bulk,  and  decreafe  of  the 
fplendor  of   the  tail,  it  appears  that  the  head  was  then 
in  its  recefs  from  the  Sun,  and  had  been  very  near  to 
it  in  its  perihelion,  as  the  Comet  of  \6%o  was.    And 
we   read,  in  the  Saxm  chronicle,  of  a  like  Comec 
appearing  in  the  year  no(J,  the  Star  whereof  uf as  finall 
und  ohfmrey  ('as  that  of  1680.^  but  the  fplendour  of  its 
tdil  was  very  bright,  and  like  a  huge  fiery  beam  firetcWd 
oHt  in  a  direElion  between  the  eafi  and  north,  as  Hevelius 
has  it  alfo  from  Simeon  the  monk  of  Durham.     This 
Comet  appear'd  in  the  beginning  of  February ^  about  the 
fvegingy  and  towanis  the  fouth  weft  part  of  heaven: 
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From  whence,  and  from  the  pofition  of  the  tail,  wc 
infer,  that  the  head  was  near  the  Sun.  Matthew  Paris 
fays.  It  was  diftant  from  the  Sun  hj  about  a  cubit,  from 
three  of  the  clocks  (rather  fix)  till  nine^  putting  forth  a  long 
taiL  Such  alfo  was  that  moft  refplcndent  Comet,  de- 
fcribed  by  jfrifiotUj  Ub.  i.  Meteor.  6.  The  headwhere-^ 
rf  could  mt  be  fien^  becaufe  it  had  fit  before  the  Suu^  or 
mleafi  was  hid  under  the  Sun*s  rajsi  but  next  daj  it  was 
Jeen  as  well  as  might  be.  For  having  left  tke  $un  but 
a  very  little  waj^  it  fet  immediately  after  it.  And  the 
fcatlerd  light  of  the  heady  obfeur'd  by  the  too  great  Jfleu" 
dor  (oi  the  tail)  did  not  yet  appear.  But  afterwards  (i% 
Artftoile  lays)  when  the  Jplendor  (of  the  tail)  was  noiv 
diminijb*d  (the  head  of}  the  Comet  recovered  its  native 
bright nefs  j  and  thejplendour  ("of  its  tail^  reach' d  now  to  a 
third  part  of  the  heavens  (that  is,  to  6o°.)  This  appear- 
0tce  was  in  the  winter  feajon,  (an.  4.  olymp.  10 1.)  and 
fifing  to  Orion*/  girdle^  it  there  vani/b'd  away.  It  is 
true  that  the  Comet  of  i(fi8,  which  came  out  direftly 
from  under  the  Sun's  rays,  with  a  very  large  tail,  feem'd 
to  equal,  if  not  to  exceed,  the  Stars  of  the  firft  mag- 
nitude. But  then  abundance  of  other  Comets  have 
appear'd  yet  greater  than  this,  that  put  forth  (horter 
tails;  fome  ot  which  are  faid  to  have  appear^  as  big 
as  Jupiter;  others  as  big  as  Venus,  or  even  as  the  Moon. 
Wc  have  faid,  that  Comets  arc  a  fort  of  Planets,  re- 
volv'd  in  very  eccentric  orbits  about  the  Sun.  And 
ais  in  the  Planets  which  are  without  tails,  thofe  are  com- 
monly lefs,  which  are  revolved  in  leffer  orbits,  and 
nearer  to  the  Sun ;  fo  in  Comets  it  is  probable,  that 
thofe  which  in  their  perihelion  approach  nearer  to  the 
Sun,  are  generally  of  lefs  magnitude,  that  they  may 
not  agitate  the  Sun  too  much  by  their  attraSions.  But 
as  to  the  tranfv?rfe  diameters  of  their  orbits,  and  the 
periodic  times  of  their  revolutions, .  I  leave  them  to  be 
determined  by  comparing  Comets  together  which  af- 
ter long  intervals  of  tii^c  return  agam  in  the  fame  orir 
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bit.     In  the  mean  time,  the  following  propofitioh  may 
give  fome  light  in  that  enquiry* 


Proposition  XLII.  Problem  XXII. 
7b  coneB  a  Comets  trajcBory  found  as  above. 

Operation  i.      A  flume   that  pofition  of  the  plane  ^^tx^wa^w 
of  the  trajeftory    which  was   determin'd   according 
to  the  preceding  propofition.     And  fcleft  three  places 
of  the  Comer,  deduc'd  from  very  accurate  obfervations, 
and  at  great  diftances  one  from  the  other.    Then  fup- 
pofe  A  to  rcprefent  the  time  between  the  firft  obfer- 
vation  and  the  fecond;  and  B  the  time  between  the 
fecond  and  the  third.     But  it  will  be  convenient  that 
in  one  of  thofe  times  the  Comet  be  in  its  perigeon, 
or  at  leaft  not  far  from  it.     From  thofe  apparent  pla-r^vvlv^xe^ 
ces  fin3~By  trigonometric  operations  the  three  true  pla» 
ces  of  the  Comet  in  that  affum*d  plane  of  the  trajefto- 
ry  ;  then  through  the  places  found,  and  about  the  cen- 
ter of  the  Sun  as  the  focus,  defcribe  a  conic  fedion 
by    arithmetical  operations,  according    to  prop.  21. 
book  I.    Let  the  areas  of  this  figure  which  are  ter- 
minated  by  radij  drawn  from  the  Sun  to  the  places 
found,  be  D  and  E,  to  wit,  D  the  area  between  the 
firft  obfervation  and  the  fecond,  and  E  the  area  between 
the  fecond  and  third.     And  let  T  reprefent  the  whole 
time,  in  which  the  whole  area  D  -|*  E  ftiould  be  de- 
fcribed  with  the  velocity  of  the  Comet  found  by  prop^ 
i<J.  book  I. 

Oper.  1.  Retaining  the  inclination  of  the  plane  of  c^y^^tv^Kx,v. 
the  trajeftory'Tolhe  plane  of  the  ecliptic,  let  the  lon- 
gitude of  the  nodes  of  the  plane  of  the  trajedory 
be  increased  by  the  addition  of  20  or  jo  minutes, 
which  call  P.  Then  from  the  fijrcfaid  three  obferv'd 
'  -OUmio  B  b  /^^tJ,iAu^  places 
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phces  of  the  Comet,  let  the  three  true  places  be  found 
(as  before)  in  this  new  plane,  as  alfo  the  orbit  pafling 
through  thofe  places,  and  the  two  areas  of  the  fame 
defcrib'd  between  the  two  obfervations,  which  call  d 
and  e;  and  let  t  be  the  whole  time  in  which  the  whole 
area  d-^-e  (hpuld  be  defcrib'd. 

Oper.i.  Retaining  the  longitude  of  the  nodes  in  the  firft 
operation,  let  the  inclination  of  the  plane  of  the  trajeftory 
to  the  plane  of  the  ecliptic  be  increased  by  adding  there- 
to zo'  or  30;,  which  call  Q.  Then  from  the  fore^ 
faidi  three  pbferv'd  apparent  places  of  the  Comet,  let 
the  three  true  places  be  found  in  this  new  plane,  as  well 
as  the  orbit  paffing  through  them,  and  the  two  areas 
of  the  fame  defcrib'd  between  the  obfervation,  which 
call  <r  and  g,  and  let  t  be  the  whole  time  in  which  the 
^whole  area  J+  e  fhould  be  defcrib'd. 

Then  taking  C  to  I9  as  A  to  B;  and  Q  to  i,  as 
p  to  £;  and  g  to  i,  as  d  to  r ;  and  y  to  i,  as 
^  to  g;  let  S  be  the  true  time  between  the  firfl  obfer- 
yation  and  the  third ;  and  obfervjng  well  the  figns  f 
and  ^— ,  let  fach  numbers  m  and  n  be  found  out  as  will 
inake  zG — -iC,  r=«iG— «;^-l-»G — ii;^;andiT 
i — zS^^mT—mt-l-nT — »t.  And,  if  in  the  firft 
operation  I  reprefents  the  inclination  of  the  plane  of 
the  trajeftor)^  to  the  plane  of  the  ecliptic,  and  .K  the 
longitude  of  either  node,  then  I  -j-  »  Q^  will  be  the  true  in- 
clination of  the  plane  of  the  trajeftory  to  the  plane  of  the 
ecliptic ;and  K^l-iwP  the  true  longitude  of  the  node. 
And  laflly,  if  in  the  firfi:,  fecond,  and  third  operationsi 
the  quantities  R,  r,  and  j,  reprefent  the  parameters  of 

the  trajeSory,  aSd  the  quantities  — ,  ^»  —  y^^^  ^^^f? 

ycrfe  diameters  of  the  fame ;  then  K-\-mr — wR-j-^iff— »R 

will  be  the  true  parameter,  and<=r-r — z ^r-r =• 

L,  -[-  iw  / — /wL  ~|-  If  A——  ff  Lt 

will  be  the  true  tranfverfe  diameter  of  the  trajc&orv 


Digitized 


by  Google 


agree  with  the  ob(ervations  »  wm  ^^^^ 


Digitized  byVjOOQlC 


To  face  Page  J77 


1 

|..20 

Z  .  10 


?•  45 
40 

3.00 
>.  40 

15 

1.30 


T'i'/  i^^/^rs'V  Places 


Long.tS^    7**.  01 '.00" 

Ltf/.  5.      21  .  39  .  GO 


Z^^/r^.  42:    6  .  1 5  .  00 


/^^»^.  43    3  .  06  .  00 
Ltf/.  ^.     25  .  22  .  CO 


Long,  f^    2  .  56 .  00 
L<7/.  5.     49  .  25  .  CO 


50 
00 


.  00 
1 .  00 

'  .  CO 

1 .  00 

j.OO 

00 


Long,  n  28  .  40  .  30 
Lat.  S.     45  .  48  .  GO 


Long.  XC  1 3  .  03, .  00 
Lat.  S,     39  .  54  .  CO 


The  places  com- 
puted in  the  orh. 


Long,  n     2  .  16.00 
Lat,S,     33.41.00 


Long,  \S  24  .  24  .  00 
Lat,  S.     27  .  45  .  00 


00 
00 


Long,  y    9  .  00  .  00 
Lat,  S,     12  .  36  .  00 


Long,  \i    7  .05  .40 
Lat.  S,     10  .  23  .  00 


&  7' 
21 

.01'. 
•38 

29" 
.50 

(S:    6 
22 

.16 
.24 

.05 
.  00 

£t    3 
25 

.07 
.  21 

•33 
.40 

a  2 
49 

.56 
25 

.  00 
.00 

n  28 

45' 

•Jl 

.  00 
.00 

HIS 
39 

.05 

•S3 

.00 
.00 

n  2. 

33 

18. 
•3^ 

30 
.40 

»24 

27 

•2: 

00 
00 

«    9 
12 . 

.02  , 

34- 

28 
13 

«    7- 

08. 

45 

rtft 


Digitized  byVjOOQlC 


Book  III.    of  Natural  Thilofophy.  3jj 

which  th^ Comet  defcribes.  And  from  the  tranfverfe  dia- 
meter given  the  periodic  time  of  the  Comet  is  alfo  given* 
^.  £.  /.  But  the  periodic  times  of  the  revolutions  of 
Comets,  and  the  tranfverfe  diameters  of  their  orbits^ 
cannot  be  accurately  enough  determined,  but  by  compar- 
ing Comets  together  which  appear  at  different  times*  If 
afcet  equal  intervals  of  time,  feveral  Comets  are  found 
to  have  defcrib'd  the  fame  orbit,  we  may  thence  coay 
dude,  that  they  are  all  but  one  and  the  fame  Comet 
revolv'd  in  the  fame  orbit.  And  then  from  the  times 
of  their  revolutions,  the  tranfverfe  diameters  of  their  or- 
bits will  be  given ;  and  from  thofe  diameters  the  dlip* 
jtic  orbits  themfelves  will  be  determined. 

To  this  purpofe,  the  trajeftories  of  many  Comets 
^^ught  to  be  computed,  fuppofing  thofe  trajedories  to  IfU^JtM^ 
"Eeparabolic-  For  fuch  trajectories  will  always  nearly 
agree  with  the  ph^omena^  as  appears  not  only  from  the 
parabolic  trajeftory  of  the  Comet  of  the  year  i586, 
which  I  compared  above  with  the  obfervations,  but 
likewife  from  that  of  the  notable  Comet,  which  ap- 
peared in  the  years  166 j^,  and  166^,  and  was  obferv'd  , 
by  Htvelims ;  who,  from  his  own  obfervations,  calcu-  y^  *^^^ 
lated  the  longttu3es  and  latitudes  thereof,  though  with  a^A^^y-^ 
little  accuracy.  But  from  the  fame  obfervations  Dr. 
//allfj  did  again  comjHite  its  places ;  and  from  thofe  new 
places  determin'd  its  rrajeftory;  finding  its  afcending 
node  in  II  21°.  ij'.  55";  the  inclination  of  the  orbit 
to  the  plane  of  the  ecliptic  2i^  i8'.  40";  the  diftance 
of  its  perihelion  from  the  node,  eftimatcd  in  the  Co- 
met's orbit49^  ij.  50".  its  perihelion  in  Si  8^.40'.  3  o'^; 
with  heliocentric  latitude  fouth,  i5<>.  01'.  45";  the<)iA/V 
Comet  to  have  been  in  its  perihelTon  Nov.  24^.  1 1'^.  52'; 
p.  il/.  equal  time  at  London^  or  13^.  8',  at  Dantzdcky 
O.  S.  and  that  the  Utm  reSum  of  the  parabola  was 
d^ioiSS  fuch  parts  as  the  Sun's  mean  diftance  from 
the  Earth  is  fuppos'd  to  contain  looooo.  And  Jho^gf 
nearly  the  places  of  the  Coifaet  computed  in  this  orbit 
agree  with  the  obfervations ,  will  appear  from  the  aj* 
ge{e4  table^  calculated  by  Dr,  ffallej. 


t:\j\  ^wt^  a- 
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In  Fibrtury^  tbc  beginning  of  the  year  166%.  the  ift' 

,    /  4  ,  Star  of  Aries,  which  I  (hall  hereafter  call  y,  was  in  t 

^^^H^'aSo.  50'.  15",  with  70.  8'.  5T71iorth  lat.     The  2d 

Star  of  Aries  was  in  T  29^.  ij\  i%'\  with  8^  28'.  i6'\ 

.  1  north   lat.      And  another  Star  of  the  feyenth  magni- 

i^i-vc-    tude  which  I    call  A,  was  in  T  i%\z^^\  with 

8^.  28'.  55",  iK)rih  lat.  The  Comet  Feb.  7*^.7**.  50',  at 

Paris  (that  is  Feb.  7^.8^*.  57',  ztDantzJckj  O.  S.  made 

a  triangle  with  thofe   Stars  y    and   A,  which  was 

right-angled  in  y.      And  the  diftance  of  the  Comet 

from  the  Star  y  was   equal  to  the  diftance  of  the 

Stars  y  and  A,  that  is  i°.  19'. 46",  of  a  great  circle; 

and  therefore  in   the  parallel  of  the  latitude  of  the 

Star  y  it  was  i®.  20'.  16^'.    Therefore  if  from  the  lon- 

gitade  of  the  Star   y  there  be  fubduded  the  longitude 

X®.  20'.  26",  there  will  remain  the  longitude  of  the  Co- 

Hiet  V*  27^.9'.  49".  M.  jiHz»oHt^  from  this  obfervation 

^  vxM^^i     ^i}!2»  pl^c^  ^^^  Comet  in  Y  27<>.  o', nearly.  And  by  the 

icheme  in   which   Dr.  Hooke  delineated  its  motion, 

it  was  then  in  T  26°.  59'.  24".     I  place  it  in  T  27% 

4 .  /\€'y  taking  the  middle  between  the  two  extremes. 

From  the  fame  obfervation,  M.  jiHz»om  made  the  h- 
titade  of  the  Comet  at  that  time,  7^  and  4'  or  5'  to 
•    ^       the  iK)rth*     But  he  had  done  better  to  have  made  it 
'  *  J  70. }'.  29",  the  diflFerence  of  the  latitudes  of  the  Comet 

and  the  Star  y  being  equal  to  the  difference  of  the  lon- 
gitude of  the  Stars  y  and  A. 

Feb.  22^.  7^.  50'^  at  London^  that  is,  Feb.  zi\  8^.  45^, 
at  DantzJck^  the  diftance  of  the  Comet  from  the  Star 
A,  according  to  Dn  Hooke's  obfervation,  as  was  deli- 
'\  aawi-itvo  neated  by  hjnifelf  in  a  fcheme,  and  aHb  by  the  obfer- 
vations  of  MT  jiuzjfut^  delineated  in  like  manner  by 
M.  Petit,  was  a  5th  part  of  the  diftance  between  the 
Star  A  and  the  firft  Star  of  Aries,  or  15'.  57";  and 
the  diftance  of  the  Comet  from  a  right  line  joining  the 
Star  A  and  the  firft  of  Aries,  was  a  fourth  part  of  the 
fame  5  th  parr,  that  is  4'.  And  therefore  the  Comet 
was  in  T  28^  i^\  46",  with  8%  12'.  3d",  north  lat. 

"■"       '"  Mar. 
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JMar.  1.  y\  o\  at  London^  chat  is.  Mar*  i.  %\  i(SV 
at    panuJcl^  the  Comet  was  oblerv'd  near  the  2d  Stir 
in  Aries,  the  diftance  between  them  being  to  the  dis- 
tance between  the  firft  and  lecond  Stars  in  Aries,  that 
is,  to  i^.  ii\  as  4  to  4f  according  to  Dr.  Hookfy  oc 
as  X  to  23  according  to  M.  Gottignies.    And  therefore 
the  diftance  of  the  Comet  from  the  2d  Star  in  Aries 
•w^as  8'.  16",  according  to  Dr.  Hopkg'i  or  8'.  5",  accord- 
ing to  M.  Gottignies  \  or  taking  ainean  between  both 
8'.  ID*'.  But  according  to  M.  Gottignies,  the  Comec 
had  gone  beyond  the  td  Star  of  Aries,  about  a  ^^^^^^^^^^Ji 
or  a  5th  part  of  the  fpace,  that  it  commonly  went  ^^^'^  ^^ 
over  in  a  day,  to  wit,  about  i'.  35'';  ^in  whicITEe 
agrees  very  well  with  M.  jiuz^om)  or  according  to  Dr. 
Hooksj  not  quite  fo  much,  as  perhaps  only  1  •   Where-  /fei  o^t. 
fore  if  to  the  longitude  of  the  ill  Star  in  Aries,  we 
add  i',  and  8'.  10'',  to  its  latitude,  we  fhall  have  the 
longitude  of  the  Comet  Y  29^.  18',  with  8^.  }6'.ztf% 
Borch  lat. 

M^ar.  7.  j^.  30',  at  Pms  (that  is,  Mdr.  7.  8^.  37V 
at  DantzJckj)  from  the  obfervations  of  M.  jinxAfHt,  the 
diflance  of  the  Comet  from  the  2d  Star  in  Aries,  was 
equal  to  the  difbnce  of  that  Star  from  the  Star  A,  that 
is,  52'.  2p";  and  the  difference  of  the  longitude  of  the 
Comet  and  the  2d  Star  in  Aries  was  4f',  or  4<^,  or 
taking  a  mean  quantity  45*^  30^    And  therefore  the 
Comet  was  in  O  o*.  2'.  48",    From  the  fcheme  of  the 
obfervations  of  M.  Anzuftst^  conftrufted  by  M.  Petit9 
Hevebm  colleded  the  latitude  of  the  Comet  8<>.  54'* 
But  the  gngciycr  did  not  rightly  trace  the  curvature  Qi^^^o 
of  the  Comet's  way  toward  the  end  of  the  motion :  and  :)Ji^K.^,l  y  va. 
Heveli$$$  in  the  fchtoe  of  M.  Anzjiut's  obfervations   ^ 
which  he  conftrufted  himfelf,  corwfted  this  irregular  ^  >**-^-^^^ 
curvature,  ?nd  fo  made  the  latitude  of  the  Comet 
8^.  55'.  30".     And  by  farther  correfting  this  irregu- 
lafity  the  latitude  may  become  8^  J<^'>  or  8^  $7. 
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This  Comet  was  alfo  fecn  Ainr.  p,  and  at  that  time 
its  place  muft  hare  been  in  O  o^.  1 8'  with  9^  3'  \ 
north  bt»  nearly. 
,yv^  This  Comera^p^ared  three  months  together,  in  which 

^      Ipace   of  time  it  travdrd  ovcTS^ift  fk  figns,  and 
^      in  one  of  the  days  thereof  defcrib'd  almoft  zo   dcg. 
Its  courfe  did  very  much  deviate  from  a  great  circle, 
,,,,x>3V»<u».viL^2^^  towards  the  north,  and  its  motion  towards  the 
'^^^^O  from  retrograde  bccagjc  dired.     And  notwith- 

r^4a^^  ft^Pdisg  W5  courfe  warTo  uncommon,  yet  by  the  ta- 
^^  He  it  appears  that  the  thcory/ftoili  beginning  to  end, 
wrees  with  the  obfervations  no  lefs  accurately  than 
the  theories  of  the  Planets  ufually  do  with  the  obfer- 
vations of  them.  But  we  are  to  fabdqd  about  z.  when 
'  ^^    v^tAvL  ^^c  Comet  was  (wiftcft,  which  we  may  effeft  by  ta- 
*''**^  king  off  11    from  the  angle  between  the  afcending 

node  and  the  perihelion,  or  by  making  that  angle  49^ 
%j.iZ'\  The  annual  parallax  of  both  thefe  Comets 
(this  and  the  preceding)  was  very  confpicuous,  and  by 
its  quantity  demohftrates  the  amiual  motion  of  the 
£arth  in  the  ^rkis  wMgrnts. 

This  theory  is  likewife  confirmed  by  the  motioa 
of  that  Comer,  which  in  the  year  168}  appeared  re* 
trograde,  in  an  orbit  whofe  phine  contained  almoft  a 
right  angle  with  the  plane  of  the  ecliptic,  and  whofe 
aicending  node  (by  the  computation  of  Dr.  HaUej) 
was  in  ^  xj®.  23';  the  inclination  of  its  orWt  to  the 
ecliptic  8}^n'J  its  perihelion  in  1125^29.50";  its 
perihelion  diftance  from  the  Sun  ^6010  of  fuch  parts 
as  the  radius  of  the  €rtis  m^m  contains  1 00000; 
and  the  time  of  its  perihelion  Jtdy  x\  5^.  50'* 
And  the  places  thereof  computed  by  Dr.  Hdky  in  this 
orbit,  are  compared  with  tne  places  of  the  fame  o(^ 
fervid  b^  Mr*  Ftsmfi^d^  in  the  followii^  table. 


i^^i 


Digitized  byVjOOQlC 


Book  IIL    of  Haturd  ThiUfiphy: 


S8i 


"6  66M>^6t^MMt) 


8t^  M  en  -"^ 

+++  I  I  1  1  +4-+  I  I  I  I 


cnOO    0 
0    N    t* 

000 

1  1  + 

M       M       IM 

0    0    tn 

O  10*0  0  *fv*t^O   "^J-N   »^0  «p*7   '^ 

"^^  M  >ii  ^  6  6  6  6."^  "^  t«  "4- •-•  to     o  ►•  •ii 

++++1  i+i  II  mr    III 

*  '  •  

500Q00Qio0000N»o0««co»*        OOmO 
Ntr>qN'^NLoNMq»^0>^MjHir%'^N 

^06  H-'^i-O  tori  "^t^N  ^vo   N   ^  On  "S  vO  vd  00 
"      -  *    -'  -   -      ->  rr»  O   o    ^    li*   CO 


l«ncO^Ot4    N    ^    ^    tm    ^  o 


*  ^  ^  dsoo  00  so  so  u^'^^| 


6    "^    ON  *^^W    t^NOOVO 


SN  too  O  Q  "^00  NO  u->  N  i^eo  u^  u^      t<  r>.  o 
<^'^^<^coq^O'^»f»toio**vrkO         "-^O 


4>  ■ 

6    . 

O   U) 

"J 


x>o  C^co  ^  r^  ^  »-;  00  >0  6  *>sv6  ►-  ds      t^  *i  "4- 

otoq»i*N»f%'^N»^'^qN'^'^     oo-n- 

«to«^6to«ot^t^w^todvoto<5"^      •^r^"^ 


(A 


g^ 

*tOO   0   N   tvN    l^OsOSU^t^  toNO   tr\       00   On  0 
•-•   0  tO'T|-'^^tou^»-l   ^0   toto^   N-^   u^O   0 

zl 

^06  '^fo^  'li-NvdvO   6  t^vd   t^  '^  **  ^  so   t^oo 

NtOtO*ONN»-*-»-i<^OtOtOi-.5,i*»*CO 

^1 

®  On  ON  ONOO   H-v6  NO   i>>  -4-  N   6   «   6s  »^<^   »^o6  vd 

"1 

>N00>O    tN-tOtOt^N    0    «0  t^OO    IN^  to 
"^•^•^O    N    u^o    0    tOM    t<    U-vH-O    U-k 

'^OO    - 

»-  •*  to 

^v^tv.t>o  t>»v-\N-  ONOO  t^   IV.  0  to  ri 

0    toq    *i.<^    U-^tJ-M    •■*    -^  0    tO'^l-lO 

00^ 

OtoiM   0  tr>corN.t^iotoOvO   too   '^ 

-  tv.H- 

as              » 

5- 

^ 


%  O    N    to  **  00    N    tOVO    O    tA»  N    to  N    to 
COM^«4NNt^iMt^H-tOMqtO 

%N    to  t>^o6    vJ^ON"-    t^v  N  \d    d    t^OO    «o 

q  •^'^f^'oq  N  •-  q  *o'0'^t'^ 
oii  N^6  tioooo  d*^  tovd   N  to  vo 


2i^o 

to>d  -^ 
to  to  to 

On  d  to 


4> 

^»OloQ    0    to  N    tONO    ON  OS^    **    0    -"^ 

xi  ^  •^•2  to'^-ON'^'^d  d  d  H-t>»t>k 

"^f  tr% 
'i^t^Nvd 

•   tot^t^tot^M^   *^   ti  ^vd   On  tr\\d  06 

^•MMi-it4NtOtO                                m    Pm    mm 

N    tovd 
W    <^    M 

A              1 

This  theory  is  yet  further  confirm'd  by  the  motion 
of  that  retrograde  Comet,  which  appeared  in  the  year 
1682.  The  afccnding  node  of  this  (bj^  Dr.  Halley's 
computation)  was  in  y  ii^.  jtf'.  jo';  the  inclination  of 

its 
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its  orbit  to  the  plane  of  the  ecliptic  17®.  5  (J'.  00";  itJ 
|>erihelion  in  iS?  x^.  52".  50'';  its  perihelion  diftance  £rom 
the  Sun  58328  parts,  of  which  the  radius  of  the  or- 
his  magfms  contains  loodob ;  the  ecjual  time  of  the  Co« 
]net*s  being  in  its  perihelion  S^t.  ^^.  7^  59'.  And  its 
places,  colleded  from  Mr.  Flamfteed's  obkrvations,  are 
compared  with  its  phces  computed  from  our  theory,  in 
the  following  table. 
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This  theory  is  alfo  confirmed  by  the  retrograde  mo- 
tion of  the.  Comet  that  appeared  in  the  year  171 3  • 
Xbe  afcending  node  of  this  Comet  (accordii^  to  the 
computation  of  Mr.   BrddUjfj    Savilian   Profeffor  of 
Aftronotriy  at  Oxford)  was  in  Y  14°.  i6\  The  incli- 
nation of  the  orbit  to  theplane  of  the  ecliptic  49".  59 . 
Its  perihelion  was  in  ^  ii®.  15'-  20".    Its  perihelion 
diftance  from  the  Sun  998^51  parts,  of  which  the  ra- 
dius of  the  9rbis  mainns  contains  ioooooo>   and  the 
equal  time  of  its  perihelion  Stptember  16^.  i6^.  10'.  The 
places  of  this  Comet  computed  in  this  orbit  by  Mr. 
BrdMejy  and  compared  with  the  places  obferved  by  him-        » 
felf,    his  unde  Mr.  ?oHnd^    and  Dr.  HdUj^   may  be  ^^  -^*^ 
fcen  in  the  following  table. 


1723. 
Eq.  Time. 


Comet's 
Long.  obf. 


4   h  <x 


5(sa^7 


ifi 


w. 


Dec. 


9.8  _ 
ro.6.21 
12.7.22 
14.I57 
15.6.J5 

21.6.22 
22.6.24 
24.8. 

29.8.$6 

30.6.20 

SS-53 

1^6.20 

20.7.45 
7.6.45I 


Lat.Nor 
obf. 


Coinec*5 
Lon.  com. 


.22.15 
6.41.12 
5.39.58 
4.59.49 

4-47-4« 

4.  2.32 

.3S9-  ^ 

3SS-29 
3.56.17 

3-5«-  9 
4.16.30 

4.»9-3^ 

5.  2.16 
5.42.20 
8.  4.13 


Lit.  Nor. 
comp. 


5.  2.  0  55?7.2i.26 


744-»3 
11.55.  o 
14.43.50 
15.40.51 
19.41.49 
ao.  8. 12 
20.55.18 
22.20.27 
22.32.28 
2j.38.33 
24.  4.30 
24.48.46 

26.54.18 


6.41.42 
5.40.19 
5.  0.37 

447-45 

4.  2.21 

3-59to 
3.55.11 
3.56.42 
3.58.17 
4.16.23 

4«9-54 

5.  2.5 

5-43»3 
8.  3.55 


i>itf:.Diff. 
Lon.l  Lac. 


5.  2.47 
7.43.18 

11.54.55 

14.44. 

15.40.55 

19.42 

20.  8.17 

20.55 

22.20.10 

22.32.12 


+49 
—50 
—21 

48 


r- 47 

v\ 

—11 

4 


t.tl- 


9  +18  +  9 
—25+17 
—  8+16 


23.38 

24.  4.401—18 

24.48.16—; 

25.25.17H 
26.53.421+] 


.    From  thefe  examples  it  is  abundantly  evident,  thac    . 
the  motions  of  Comets  are  no  kfs  accurately  repre- 
fented  by  our  theory,  than  the  motions  of  the  Pla- 
cets cpmmonly  are  by  the  theories  of  them.     And 
therefore,  by  means  ot  this  theory,  we  may  enumerate 
the  orbitsof  Comets,  and  fodifcovcr  the  periodic  time  . 
of  a  Comet's  revolution  in  any  orbit  j  whence  at  laft  we  >^^ 
'-""  ■"  '  ihall 
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Ihall  have  the  tranfverfe  diameters  of  their  elliptic  or- 
bits and  their  aphelion  diftances. 

That  retrograde  Comet  which  appear'd  in  the  year 
Kfoj,  defcrib'd  an  orbit  whofeafceniding  node  (accord- 
ing to  Dr.  Hallefs  computation)  was  in  b  20<>.  zi'; 
and  the  inclination  of  the  plane  of  the  orbit  to  the 
plane  of  the  ecliptic  17®.  z';  whofe  perihelion  was  in 
SIX  2°.  16';   and  its  perihelion  diftince  from  the  Sun 
58680  of  fuch  parts  as  the  radius  of  the  orbis  magtms 
contains  looooo.     And  the  Comet  was  in  its  perihe- 
lion Ofif^^rr  i6'^.  5^.  jo'.  Which  orbit  agrees  very  near- 
ly with  the  orbit  ©f  the  Comet  which  was  (ben  in 
i6ii.     If  thefe  were  not  two  different  Comets,  but  one 
and  the  fame,  that  Comet  will  finifti  one  revolution  in 
the  fpace  of  75  years.  .  And  the  greater  axe  of  ii;s  orbit 
will  be  to  the  greater  axe  of    the  orbis  magnns^  as 
\^':  75x75  to  I,  or  as  1778  to  100,  nearly.     And 
the  aphelion  diftance  of  this  Comet  from  the  Sun  will 
be  to  the  mean  diftance  of  the  Earth  from  the  Sun 
as  about  5f  to  i.     From  which  data  it  will  be  no 
k^-io<^  Jard  matter  to  determine  the  elliptic  orbit  of  this  Co- 
met.    But  thefe  things  are  to  be  fuppofed,  on  con- 
dition, that  after  the  fpace  of  75  years  the  fame  Co- 
met Ihall  return  again  in  the  fame  orbit.     The  other 
a.iW  -  Comets  feem  to  afcend  to  greater  heigj^tSj  and  to  re- 

;   f  i»:J  u^    quire  a  longer  time  to  perform  their  revolutions. 

But  becaufe  of  the  great  number  of  Comets,  of  the 

great  diftance  of  their  aphelions  from  the  Sun,  and  of 

i         \A  'A  ^'^^  flownefs  of  their  motions  in  the  aphelions,  they 

^■"^^  will,'XyTEeir  mutual  gravitations,  difturb  each  other: 
fo  that  their  eccentricities  and  the  times  of  their  re- 
volutions will  be  fometimes  a  little  increafed,  and  fome- 

u  s  -  X*  (      times  diminiftied.    Therefore  we  are  not  to  expeft  that 

;  Y  >:<^  /  the  fame  Comet  will  return  exadly  in  the  fame  orbit, 
and  in  the  fame  periodic  times.  It  will  be  fufficient  if  we 
find  the  changes  no  greater,  than  may  arifc  from  the 
caufesjuft  fpoken  of.  ^     ,-      ^ 

^.,  ^t  ♦vA*^  -      ^'^<M  And 
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And  hence  a  reafon  may  be  affign'd  why  Comets 
arc  not  comprehended  within  the  limits  ot  a  zodiac 
as  the  Planets  are  5  but,  being  confin'd  to  no  bounds,  /t^Ccifc/ 
are  with  various  motions  difpers'd  ail  over  the  hcavenT; 
jianjely,  to  thispurpofe,  that  in  their  aphelions,  where  ^c^'v^*^^*^" 
their  motions  are  exceeding  flow*  receding^  to  greater  '  ^  "^^^^ 
diftances  one  from  another  they  may  fuffer  lefs  dif- 
turbance  from  their  mutual  gravitations.     And  hence 
it  is,  that  the  Comets  which  defcend  the  loweft,  and 
therefore  move  the  floweft  in  their  aphelions,  qaghc  A\«L^vt-- 
alfo  to  afcend  the  higheft.  -  L  v^*u  {^-ia-^J^ 

The  Comet  which  appcarM  in  the  year  itfSo.  was 
in  its  perihelion  lefs  diftant  from  the  Sun  than  by  a 
fixth.part  of  the  Sun's  diameter:  and  becaufe  of  its 
extreme  velocity  in  that  proximity  to  the  Sun,  and 
fbme  dehfity  of  the  Sun's  atmofphere,  it  muft  have 
fufferMfome  refiftance  and  retardation  ;  and  therefore, 
being  attrafted  fomething  nearer  to  the  Sun  in  every       .  - 

revolution  will  at  laft  fill  down^  upon  the  body  of^*^*^*-^' 
the  Sun.  Nay^  in  its  aphelion,  where  it  moves  the  vvo 
floweft,  it  may  fometimes  happen  to  be  yet  farther 
retarded  by  the  attraftions  of  other  Comets,  and  in 
confequence  of  this  retardation  defcend  to  the  Sun. 
So  fixed  Stars  that  have  been  gradually  wafted  by  the 
light  and  vapours  emitted  from  them  for  a  long  time,  ^ 

may  be  recruited  by  Comets  that  fall  upon  them;  ancl»/tcX>A.A<^*^' 
from  this  frcfti  fupply  of  new  fewel,  thofe  old^Stars,  |A-^  .., 
acquiring  ne^fplendor,  may  pai?Tor  new  Stars.    Of  otv^v y*-^ 
this  kind  arc  fuch  fixed  Stai-s  as  appear  on  a  fuddenjuw.Avv^^j 
and  fhine  with  a  wonderful  brightnefs  at  firft,  and  af-^^.^^^^^,^(i^^^ 
terwards  vanifti  by  little  and  little.     Such  was  that 
Star  which  appeared  in  CsffMptias  chair;  which  Corner  ^^j^j^^ 
ims  Gemma  did  not  fee  upon  the^Tth  of  November  ^ 
1572,  though  he  was  obferving  that  part  of  the  hea- 
vens' upon  -that  very-  n4ght,  and  the  skie  was  perfed-  _-«  V 
ly  ferenc ;  but  the  next   night  {NM^.  ^.)  he  faw  ir 
ikkfing  much  brighter  than  tiny  of  the  £xed  Stars, 
jt^iWi.^  C  c  and 
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wd  fcarcdy  inferiour  to  yinus  in  fplendor.      Tjcho 
^^^^if^  Brdhi  faw  ic  upon  the  nth  of  the  fame  month  when 
^;(i^     it  Ihone  with  the  greateft  luftre;  and  from  that  time 
hc'oElerv'd  it  to  decay  by  little  and  little;  and   in 
i.ct«x  j^  months  time  it  entirely  difappear'd.     In  the  month 
tii  November^  when  it  firft  appeared,  its  light  was  equal 
to  that  of  yenus.    In  the  month  of  December  its  light 
1,^     was  a  little  diminiflied,  and  was  now  become  equal  to 
''''^**     that  of  Jupiter.     In  Jannary  1575.  it  was  le(s  than 
jHpiter  and  greater  than  Sirius^  and  about  the  end  of 
February  and  the  beginning  of  March  became  equal  to 
that  Star.     In  the  months  of  jifril  and  May  it  was 
equal  to  a  Star  of  the  zd  magnitude.     In  Juney  July 
and  jiuguH  to  a  Star  of  the  3d  magnitude.     In  Septem* 
her^  Otlobcr  and  November  to  thofe  of  the  4th  mag- 
nitude, in  December  and  yanuary   1574.  to  thofe  of 
the  5  th,  in  February  to  thofe  ot  the  <Jth  magnitude, 
and  in  March  it  entirely  vanifiied.    Its  colour  at  the 
Ui^MA^j^  beginning  was  clear,  bright  and  inclining  to  white,  after* 
wards  it  turned  a  little  yellow,  and  in  Aiarch  i^jy 
/.  \  it  ^became  ruddy  like  Mars  or  AUebaran*^  in  May  it 

\(\\^      curn^a'^to  a^Knd  of>(ju^  whira^ft  like  tfcat  wc  ob- 
i  ferve  in  Ai/«f wpand  fliat  colour  it  retained  jgver  aftcrt 

'  ;- '':V^     jjut  growing  always  more  and  more  obfcure.    Such 
^  ^''   ''^  alfo  waslHe  Star  in  the  right  foot  of  &r^w/4rii»/,  which 
vJU    ^^p^^*^  ^^^9!?i"^  fi^ft  obferved  September  30.  O.  S.  1 60/^ 
^     '^  with  a  nght  exceeding  that  of  Jupiter,  tho*  the  night 

before  it  was  not  to  ^  feen*  And  from  that  time  ic 
decreas*d  by  little  and  little^  and  in  15  or  id  months 
entirely  difappeared.  Such  a  new  Star,  appearing  with 
an  unufual  Iplendor,  is  faid  to  have  moved  Hipparchus 
to  obferve,  and  make  a  catalogue  of,  the  fixed  Stars. 
^  As  to  thofe  fixed  Stars  that  appear  and  difappear  by 
.Ai  Wrns,  and  encreafti  flowly  and  by  degrees,  ana  (jcyx^ 
ever  exceed  the  Starrdf  the  3d  magnitude,  they  fccm 
to  be  of  another  kind,  which  revolve  about  their  axes> 
'  and  having  a  Jighf  and  a  darJ^  fide,  (hew  tbofe  two 

.  .  ""      different 
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diffcrcrtt  fides  by  turns*  The  vapours  whfch  arife 
firom  the^  Sun,  the  fixed  Stars,  and  the  tails  of  the 
Comets,  may  meet  at  laft  with,  and  fall  into,  the  at- 
mofpher^s  of  the  Planets  by  their  gravity  5  and  there 
be  condenfed  and  turned  int^  water  and  humid  (mJv^^\^yxA.^  - 
rits,  and  from  thence  by  a  flow  heat  pafrgKdually 
into  the  form  of  falts,  and/fulphurs,  and  tindures,  and^^U/ 
ittud,  and  clay,  andlandj  and  ilones,  and  coralj  and  other 
^^Ttereftial  fubftancesi^**^*       T^Ov^  / 

General   Scholium; 

The  hypothcfis  of  Vortices  is  prefs'd  with  many 
difficulties.  That  every  Planet  by  a  radius  drawn  to 
the  Sun  may  defcribe  areas  proportional  to  the  times 
of  defcription,  the  periodic  times  of  the  feveral  parts 
of  the  Vortices  fhouldobferve  the  duplicate  propor- 
tion of  their  diftances  from  the  Sun.  But  that  the 
periodic  times  of  the  Planets  may  obtain  the  fefqui- 
plicate  proportion  of  their  diftances  from  the  Sun, 
the  periodic  times  of  the  parts  of  the  Vortex  ought 
to  be  in  the  fefquiplicate  proportion  of  their  diftan* 
ces.  That  the  fmaller  Vortices  may  maintdn  their  lefTer 
revolutions  about  S^nrny  ynftttr^  and  other  Planets, 
and  fwim  quietly  and  uncfijfturb'd  in  the  greater  Vor- 
tex of  the  ^Sun,  the  periodic  times  of  the  parts  of 
the  Sun*s  Vortex  ihould  be  equal.  But  the  rotation 
of  the  Sun  and  Planets  about  their  axes,  which  ought 
to  correfpond  with  the  motions  of  their  Vortices,  re- 
cede far  from  all  thefe  proportions.  The  motions  of 
the  Comets  are  exceeding  regular,  are  governed  by  the 
fame  laws  with  the  motions  of  the  Planets,  and  can 
by  tio  mesftis  be  accounted  for  by  the  hypothefis  of 
Vortices.  For  Comets  are  carry'd  with  very  ec- 
centric motions  through  all  parrs  of  the  heavens  in- 
differently, with  a  freedom  that  is  incompatible  with 
the  notion  of  a  Vortex. 

'^       ^  '    *     C  c  a  Bodies 
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Bodies,  projefied  in  our^ir,,  fuffer  no  refiftance  but 
from  the  air.  Withdraw  the  air>  as  is  done  in  Mr. 
Boyle's  vacuum,,  and  the  refinance  ceafes.  For  Jn  this 
void  a  bit  pf  fine  down^nd  a  piece  of  folid  gold  de- 
fcend  with  equal  velocity.'  And  the  parity  of  reafon 
mud  take  place  in  the  celeftial  fpaces  aboy^  the  Earth's 
atmofphere;  in  which  fpaces,  where  there  i^  fio  air  to. 
rcfift  their*  motions,  all  boclies'will  move  with  the 
greateft  freedom;  and  the  Planets  and  Comets  .will 
conftantly  purfue  their  revolutions  in  orbits  given  in 
kind  and  ppfition,  according  to  the  laws  above  ex*» 
plain'd.  But  though  thefe  bodies  may  ihd^ed  perfe- 
vere  in  their  orbits  by  the.  mete  laws  c^^grtvity;  yet 
they  could  by  no  means  have  at  firft  derived  the  re-, 
gular  podtion  of  the  orbits  ^tliemfelves  from  thofe 
laws. 

The  fix  primary  Plan|ts  are  revolv'd  about  the  Sun, 
in  circles  concentric  wiqh  the:  Sun,  dnd  with  motions 
direiSed  towards  the  fame,  parts  and  almoft  in  the  fame 
plane.  Ten  Moons  are  revolv'd  about  the  Earth,  Ju- 
piter and  Satuni>  in  circles  <;oncefitric  with  then}|^with  the 
fame  diredion  ofmotionjaad  neafly  in  the  phnesof  the 
orbits  of  thofe  Planets.  But  it  is  not  to  be  conceived  that 
mere  mechanical  caufes  could  give  birth  to  (o  many 
regular  motions :  fince  the  Comets  range  over  all  parts 
of  the  heavens,  in  very  eccentric  orbits.  For  by 
that  kind  of  motion  they,pafseafily  through  the  orbs 
of  the  Planets,  and  with  great  rapidity;  and  in  their 
aphelions,  where  they  move  the  floweft,  and  are  de- 
tained the  longfft,  they  recede  to  the  greateft  diftances 
from  etch  other,  and  thence  fuCFer  the  leaft  difturbancc 
from  their  mutual  attradions.  This  jnpft  beautiful 
Syftem  of  the  Sun,  Planets  and  Comets,  could  only 
proceed  from  the  counfel  and  dominion  of  an  intelligent 
and  powerftil  being.  And  if  the  fixed  Stars  are-the  cen* 
ters  of  other  like  fyft'ems,  thefe  being  form'd  by  the 
like  wife  counfel,  mud  be  all  fubjed  to  the  dpminion 
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of  One  J  cfj>ecially,  firtce  the  light  of  the  fixed  Stars  is  of 
the  fame  narure  with  the  H^ht  of  the  Sun^  ?iftd  from 
cverV  fyft{0n>  light  pafles  into  all  the  o^h^r  fyftems. 
And  leftthefyftemsof  the  fi*ed  Stars  ihoutd)  byehcir 
gr^ity,  fall,  on  each  other'  radtually,  he^  hath  placed 
thoie  Syfteros  at  immenfedlOattces  one  from  another. 
•  This  fieing  governs  all  things,  not  as  thfe  foal  of 
the  worM,  but  as  Lord  over  all  t  And  on  account  of 
his  dofmitiioh  he  is  wont  to  be  called  Ltfrd  God  r^vro-- 
it^dna^t  or  Vffrverjal  R$tUr.  For  God  is  a  rebttre  word, 
and  has  a  refpeA  to  fervatlts ;  and  DeUj  is  the  dominion 
of  God,  not  over  his  own  body,  as  thofe  imagine  who 
iiincy  God  to  be  thefoiilof  the  world,  but  over  fervants* 
The  fupreifie  God  is  a  Being  eternal,  infinitj?,  abfolutely 
perfed;  but  a  being,  however  perfeft,  without  domi- 
nion, cannot  be  faid  to  be  Lord  God ;  for  we  fay,  my 
God»  your  God,  the  God  o(  /Jrael^  the  God  of  Gods, 
and  Lord  of  Lords ;  but  wc  do  not  fay,  my  Eternal, 
your  Eternal,  the  Eternal  of  Ifrdil,  the  Eternal  of  Gods  ? 
we  do  not  fay,  my  Infinite,  op  mv  Perfed :  Thefe  are 
titles  which  have  no  -refpedl  to  fervants.  The  word 
God  ufudly  *  fignifies  Lord ;  bur  every  lord  is  not  ^  God. 
It  is  the  dominion  of  a  fpiritual  being  which  conftitutes 
a  God;  a  true>  ftipreme  or  imaginary  dominion  makes 
a  true,  fupreme  or  imaginary  Cod.  And  from  his  true 
dominion  it  follows,  that  the  true  God  is  a  Living,  Intel- 
ligent and  Powerful  Being;  and  from  his  bthtr  perfedi-. 
ens,  that  he  is  Suprenw  ormeft  Perfed.  -He  is  Eter- 
nal and  Infinite,  Omnipotent  and  Omnifcient ;  that  is. 
his  duration  reaches  from  Eternity  to  Eternity j  his. 

*  Dr.  Poack  derives  the  Latin  word  Deus  from  -the  AraBic  du^ 
fin  the  oblique  cafe  //;,)  jvhich  fignj£es  Lord,  And  in  this  fenfe 
Princes  are  called  Ga/j,  VfaL  Ixxxii.  ver.  6.  and  John  x.,Yer.  35. , 
And  Mofes  is  called  a  Oodlo  his  brother  Aaron^  znd  s.G0d  to.  Pba-] 
raoh  [Exod,iv.  ver.  16.  and  vii.  ver.  8.  And  in  the  fame  fenfe  •• 
the  fouls  of  dead  Princes  were  formerly,  bjr  the  Heathens,  called ; 
gods,  but  falfly,  beoaufe  of  their  want  of  dominion. 

C  c  5  prcfcRC* 
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prefencc  from  Infinity  to  Infinity;  hegovcrnsall  things, 
and  knows  f\\  things  that  are  or  can  be  done*  Fie  isnoc 
Eternity  or  Infinity,  but  Eternal  and  Infinite ;  he  is 
not  Duration  or  Space,  but  he  endures  and  is  prefenr* 
He  endures  for  ever,  and  is  every  where  prefent ;  and 
by  exiftbg  always  and  every  where,  he  conftitutes  Du- 
ration and  Space.  Since  every  particle  of  Space  is  n/- 
ivajSj  and  every  indivifible  moment  of  Duration  is gvcry 
Ti^beret  certainly  the  Maker  and  Lord  of  all  things  can- 
not be  n0V€r  and  m  where.  Every  foul  tl>tft  has  per- 
ception is*  though  in  different  rimes  and^  in  different 
organs  of  fenfe  and  motion*  ftill  the  fame  indivifible 
perfon.  There  are  given  fucceffive  parts  in  duration^ 
co-exiftent  parts  in  (pace,  but  neither  the  one  nor  the 
other  in  the  perfon  of  a  man,  or  his  thinking  principle; 
and  much  lefs  can  they  be  found  in  the  thinking  liib- 
fiancejof  God.  Every  man,  fo  far  as  he  is  a  thing  that 
has  perception,  is  one  and  the  fame  man  during  his 
^hole  life,  in  all  and  each  of  hb  organs  of  fenfe.  God 
is  the  fame  Godj  always  and  every  where.  He  is  om^ 
niprefent,  not  virtHaUj  only,  but  alfo  fiebfimuidlj ;  for 
virtue  cannot  fubfift  without  fubftance.  In  him  ^  are 
all  things  contained  and  moved;  yet  neither  affeds 
the  other :  God  fuffers  nothing  from  the  motion  of 
bodies;  bodies^findno  refiftance  from  the  omniprefence 
of  God*  *Tis  allowed  by  all  that  the  fupreme  God 
exifts  neceflarily ;  and  by  the  fame  neceflity  he  exifts 

^  This  was  the  opinion  of  the  Ancients.  So  Pythagoras  in  DV/r. 
de  Nat.  Deor.  lib.  i.  nales,  Anaxagoras,  Virgil^  Georg.  lib.  iv. 
ver.  220.  and  iEneid.  lib.  vi.  ver.  721.  Phih  Allegor,  at  the  be- 
ginning of  lib.  i.  Aratus  in  his  Phaenom.  at  .the  beginning.  So 
alfo  the  facred  Writers,  as  St.  Paul^  ASs  xvii.  ver.  27,  28.  St. 
John^B  Gofp.  chap.  xiv.  ver.  2.  Mofes  i^  Deut.  iv.  ver.  39.  and 
X.  ver.  14.  DavidyPfal.  cjcxxix.  ver.  7,  8, 9.  Solomon^  iKivgs  viii. 
ver.  27.  Job  xxii.  ver.  12,  13,  14-  Jeremiah  xxiii.  ver.  23,  24. 
The  Idolaters  fuppofed  the  Sun,  Moon  and  Stars,  the  SouU  of 
Men,  and  other  parts  of  the  world,  to  be  parts  of  the  fuj>rcme  Go^» 
and  therefore  to  be  worfliipped :  but  erroncoufly. 
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alv/^s  and  every  where.  Whence  alfo  he  is  all  limil'ar, 
ail  eye,  all  ear,  all  brain,  all  arm,  all  power  to  perceive, 
to  underftand,  and  to  a6t ;  but  in  a  manner  not  at  all 
human,  in  a  manner  not  at  all  corporeal,  in  a  manner  ur- 
cerly  unknown  to  us»  As  a  blind  man  has  no  idea  of 
colours,  fo  have  wc  no  idea  of  the  manner  by  which  the 
all-wife  God  perceives  and  underftands  all  things.  He 
is  utterly  void  of  all  body  and  bodily  figure,  and  can 
therefore  neither  be  fecn,  nor  heard,  nor  touched  ;  nor 
ought  he  to  be  worfliipped  under  the  reprefentaiion  of 
any  corporeal  thing,  we  have  ideas  of  his  attributes, 
but  what  the  real  fubftance  of  any  thing  is,  we  know 
not.  in  bodies  we  fee  only  their  figures  and  colours,  we 
hear  only  the  founds,  we  touch  only  their  outward 
furfaces,  we  fmell  only  the  fmells,  and  tafte  the  favours; 
but  their  inward  fubftances  are  not  to  be  known,  either 
by  our  fenfes,  or  by  any  reflex  aft  of  our  minds ;  much 
lefs  then  have  we  any  idea  of  the  fubftance  of  God. 
We  know  him  only  by  his  moft  wife  and  excellent  con- 
trivances of  things,  and  final  caufes  ;  we  admire  him 
for  his  perfeftions;  but  we  reverence  and  adore  him  on 
account  of  his  dominion.  For  we  adore  him  as  his  fer* 
vants  5  and  a  God  without  dominion,  proyidence,  and 
final  caufes,  is  nothing  elfc  but  Fate  and  Nature.  Blind 
metaphyfical  neccflity,  which  is  certainly  the  fame  al- 
ways and  every  where,  could  produce  no  variety  of 
things.  All  that  diverfity  of  natural  things  which  we 
find,  fuited  to  different  times  and  places,  could  arifc 
from  nothing  but  the  ideas  and  will  of  a  Being  neceffa* 
rily  exifting.  But  by  way  of  allegory,  God  is  faid  to 
fee,  to  fpeak,  to  laugh,  to  love,  to  haxe,  to  defire,  to 
give,  to  receive,  to  rejoice,  to  be  angry,  to  fight,  to 
Frame,  to  work,  to  build.  For  all  our  notions  of  God 
are  taken  from  the  ways  of  mankind,  by  a  certain  fimi- 
Jitude  which,  though  not  perfeft,  has  feme  likenefs 
however.    And  thus  much  concerning  God  j  to  diC- 
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courfe  of  whom  from  the  appearances  of  things^  does 
certainly  belong  to  Natural  Philofophy. 

Hitherto  wc  have  explain'd  the  phasnomena  of  the 
heavens  and  of  our  fea,  by  the  power  of  Gravity,  but 
have  not  yet  aflign'd  the  caufe  of  this  power.  This 
is  certain,  that  it  rauft  proceed  from  a  caufe  that  pene- 
trates to  the  very  centers  of  the  Sun  and  Planets, 
without  fufFeringthe  lead  diminution  of  its  force;  that 
operates,  not  according  to  the  quantity  of  the  furfaces 
of  the  particles  upon  which  it  ads,  (as  mechanical 
caufcs  ufe  to  do,)  but  according  to  the  quantity  of  the 
folid  matter  which  they  contain,  and  propagates  its 
virtue  on  all  fides,  to  immenfe  diftances,  decreafing  al- 
ways in  the  duplicate  proportion  of  the  diftances.  Gra- 
vitation towards  the  Sun,  is  made  up  out  of  the  gravi- 
tations towards  the  feveral  particles  of  which  the  body 
of  the  Sun  is  composed;  and  in  receding  from  the  Sun, 
decreafes  accurately  in  the  duplicate  proportion  of  the 
diftances,  as  far  as  the  orb  ol  Saturn,  as  evidently  ap- 
pears from  the  quiefcence  of  the  aphelions  of  the  Pla- 
nets ;  nay,  and  even  to  the  remoteft  aphelions  of  the  Co- 
mets, if  thofe  aphelions  are  alfo  quiefcent.  But  hither- 
to I  have  not  been  able  to  difcover  the  caufe  of  thofe 
properties  of  gravity  from  phenomena,  and  I  frame 
no  nypothefes.  For  whatever  is  not  deduc'd  from  the 
phenomena,  is  to  be  called  anvhypothefisj  and  hypo* 
ihefes,  whether  metaphyfical  or  phyfical,  whether  of 
occult  qualities  or  mechanical,  have  no  place  in  expe- 
rimental philofophy.  In  this  philofophy  particular  pro- 
pofitions  are  inferr'd  from  the  phaenomena,  and  after- 
wards rendered  general  by  induftion.  Thus  it  was  that 
the  impenetrability,  the  mobility,  and  the  impulfi ve  force 
of  bodies,  and  the  laws  of  motion  and  of  gravitation,  were 
difcovered.  And  to  us  it  is  enough,  that  gravity  docs 
>eally  exift,  and  aft  according  to  xhe  laws  which  we 
Jiave  explained,  and  abundantly  ierves  to  account  for  all 
the  motions  of  the  ccleftial  bodies,  and  of  our  fi^a. 

And 
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And  now  we  might  add  fomeching  coacemmg  a  cer- 
tain moft  fubtle  Spirit,  which  pervades  and  lies  hid  in 
all  grofs  bodies;  by  the  force  and  adion  of  which  Spi- 
rits the  particles  of  bodies  mutually  attrafl  one  another 
at  near  diftances,  and  coherei  if  contiguous ;  and  elec- 
tric bodies  operate  to  greater  diftances,  as  well  repelling 
as  attrading  the  neighbouring  corpufcles ;  and  light  is 
emitted)  reflefted^  refradec^  infleded,  and  heats  bodies  ^ 
and  all  fenfation  is  excited,  and  the  members  of  animd 
l>odies  move  at  the  command  of  the  will,  namely*  by; 
the  vibrations  of  this  Spirit*  mutually  propagated  along 
the  folid  filaments  of  the  nerves,  from  the  outward  or- 
gans of  fenfe  to  the  brain,  and  from  the  brain  into  the 
imifcles.     But  thefe  are  things  that  cannot  be  explained 
in  few  words*  nor  are  weftirnifh'd  with  that  fufficiency 
of  experiments  which  is  required  to  an  accurate  deter- 
mination and  demonflration  of  the  laws  by  which  this 
cledric  and  elaftic  fpirit  operates* 
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The  frji  number  denotes  the  Volume^  the  ft- 
cond  the r^ age ;  nnlefs  where  a  feStim  h 
referred  jo. 
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A. 

Qainoxes,   their  pre* 
ccffion 
the  caufe  of  that  mo- 
tion fhewn  II,  252 

the  quantity  of  that  motion 
computed  from  the  caufcs 
II,  320 
Air, 

its  deniity  at  any  height,  col- 
leded  by  Prop.  22.  Book.  I  J. 
and  its  denfity  at  the  height 
of  one  fcmidiameter  of  the 
Earth  fhewn  II,  366 

Its  elaftic  force,  what  caufe  it 
may  be  attributed  to  11, 77 

Its  gravity  compared  with 
that  of  water  II,  366 

its  reliftance,  colle£led  by  ex- 
periments of  pendulums  II, 
99;  the  fame  more  accu- 
rately by  experiments  of 
falling  bodies,  and  a  Theory 
XI,  160 
Angles  of  contadl  not  all  of  the 
fame  kind,  but  fome  infi- 
s'ndy  Mb  than  pthcrs  I,  53 


ApHdes,  their  motioA  ihewn  I, 
Sea.Q.p.  177 

Areas  which  revolving  bodies,  by 
radii  drawn  to  the  centre  of 
force,  defcribe,  compared 
with  the  times  of  defcrip- 
tion  I,  57,  60,  62,  220, 
231 

Attraftion  of  all  bodies  demon- 
ftrated  II,  22c 
the  certainty  ot  this  demon- 
Jlration  fhewn  II,  203 ;  the 
caufe  or  manner  thereof  no 
where  defined  by  the  Au- 
thor  II,  392 

^s,  the  mathematical  fignificati- 
on  of  this  wora  defined  I, 
50 


Centre, 

the  common  center  of  gravi- 
ty of  many  bodies  does  not 
alter  its  ftate  of  motion  or 
reft  by  the  a6lions  of  the 
bodies  among  themfdvesl, 
27 

•he 
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Ac  common  centre  of  gravi- 
ty of  the  Earth,  Sun,  and 
all  the  Planets  is  at  reft  II, 
232  ;  confirmed  hy  Cor.  z. 
Prop.  14.  Book  3. 

the  common  centre  of  gravi- 
ty of  the  Earth  and  Moon 
goes  round  the  crBis  mag- 
ntts  n,  235  ;  its  difbnce 
from  the  Earth  and  from 
the  Moon  II,  3 1 1 
Centre  of  tKe  forces  by  which 
revolving  bodies  are  retain* 
ed  in  their  orbits,  how  in- 
dicated by  the  defcription 
of  areas  I,  63  ;  how  found 
by  the  given  velocities  of 
the  revolving  bodies  I,  67 
Circle,  hw  what  law  of  centri- 
petal force  tending  to  any 
given  point,  its  circumfe- 
rence may  be  defcribed  I, 
64,  70,  73 
Conic  fcdlions,  by  what  law  of 
centripetal  force  tending  to 
any  gjven  point  they  may  be 
defcribed  by  revolving  bo- 
dies I,  93 

the  geometrical  defcription  of 
them  when  the  foci  are 
given  f,  Se£l.  4. 

when  the  foci  are  not  g^ven  I, 
Sea.  5. 

when  the  centrei  or  afymp- 
totes  are  given  1, 132  ■ 
Comets 

a  fort  of  Planets,  not  meteors 

higher  than  the  Moon,  and 

in  the  i^etary  regions  II, 

323 
their  difbnce  how  colle^led 

very  nearly  by  ob(crvations 

Hi  324 


more  of  them  obfervedinlthe 
hemifphere  towards  the 
Sun,  than  in  the  oppofite 
hemifphere ;  and  how  thit 
comes  to  psufs  II,  330 

ihine  by  the  Sun's  light  jc- 
flefted  from  them  II,  330 

forrounded  with  vaft  atmp- 
fpheres  II,  527,331 

thofe  which  come  nearefl  to 
the  Sun  probably  the  leafl^ 

why  thcv  are  not  compre- 
hended within  a  zodiack, 
like  the  Planets,  but  move 
differently  into  all  parts  of 
the  Heavens  11,^38^ 

may  fometimes  fall  mto  tl^e 
Sun,  and  afford  t  new  fup- 
plyof  fire  II,  38c 

the  ufe  of  them  ninted  H, 

anove  in  conic  fe£lions,  ha\ing 
their  foci  in  the  Sun's  ceni 
tre,  and  by  radij  drawn  to 
the  Sun  deicribe  areas  pro- 
portional to  the  times* 
Move  in  eUipfes  if  they 
come  round  again  in  their 
orbits,  but  thefe  ellipfes 
will  be  near  to  parabolas 

n,  332 

Comet's  parabolic  trajectory 
found  from  three  obferva- 
tions  given  II,  340  ;  cor- 
re^ed  when  found  II,  375 

Comet'r  place  in  .  a  parabola 
found  to  a  given  time  II> 

^     333Jl»?43  ^    .^ 

Comet's  velocity  compared  witm 

the  velocity  of  the  PlaneU 
JIf  332 
Comets  Tails 
dirc^d  from  the  Sun  II,  364 
brighicft 
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*  '  krtghteft  and  fargeft  immedi- 
ately after  their  paflage  thro' 
the  neighbourhood  of  the 
Son  II,  361 
their  wondcrfiil  rarity  II,  367 
their  origine  and  nature  11, 
327,509 
-    in  what  fpace  of  time  they  af- 
cend  from  the  heads  II,  367 
Comet  of  the  years  1664  and 
1665 
the  obfcrvations  of  its  motion 
compared  with  the  theory 

U,377 
Comet  of  the  years  1680  and 
1681 
obfcrvations  of  its  motion  II, 

ita  motion  computed  m  a  pa- 
rabolic orbit  II,  350 ;  in  an 
elliptic  orbit  I^  352 
its  trajeftory,  and  its  tail  in 
the  feveral  parts  of  its  orbit, 
delineated  II,  358 
Comet  of  the  year  1 682 
its  modon  compared  widi  the 

theory  II,  382 
feems  to  have  appeared  in  the 
year  1 607,  and  likely  to  re- 
turn again  after  a  period  of 
75  years  II,  384 
Comet  of  the  year  1 683 
its  motion  conlptred  with  the 
theory  II,  381 
Comet  of  the  year  1723 
kt  motion  compared  with  the 
theory  II,  383 
Curves  diiUnguifhed  into  geo- 
metrically national  and  geo- 
metrically irrational  I,  148 
Curvature  of  figures-  how  efti- 

mated  II,  32;  II,  267 
Cycloid  or  epicycloid, 
:    its  ne^iiicatlon  i,.  1 99^  200 
f  its  ivf/uta  I,  204 


Cylinder,  the  attra^ion  tjf  2 
Cylinder  compofcd  of  at- 
trading  particles,  whofc 
forces  are  reciprocally  as 
the  fquare  of  the  diftanccs 
1, 302 


Defcent  of  heavy  bodies  in 
vacuo,  how  much  it  is  II, 
240 

Defcent  orafcent  redilincar,  the 
fpaces  defcribed,  the  times 
of  defcription,  and  the  ve- 
locities acquired  in  fuch  af- 
cent  or  defcent,  compared, 
on  the  fuppoiition  of  amr 
icind  of  centripetal  force  t 
Sea.  7. 

Defcent  and  afcent  of  bodies  in 
refifting  mediums  11, 4, 22, 

E. 

Earth, 

its  dimenfion  by  iVorwW,  bv 
Puart,  and  hyCaffim  ll, 
240 

its  figure  difcovered,  with  the 
proportion  of  its  diameters, 
and  the  meafurc  of  the  de- 
grees upon  the  meridian  II, 
239,  245 

the  exceis  of  its  height  at  the 
equUer  above  its  height  at 
the  poles  II,  243,  2Ci 
.  its  seated  andleaft  ^mi<£a- 
.meter  II,  243  ;  its  mean 
femidiameter  i^id. 

the  globe  of  Earth  more  denfe 
'     than  if  it  was  entirely  water 
II,  230 

the  nutadon  of  its  axis  II,  2C2 
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the  annual  motion  thereof  in 
the  orifis  magnus  dcmon- 
ftratcdll,  380 

the  eccentricity  thereof  how 
much  II,  299 

the  motion  of   its  aphelion 
how  much  II9  237 
Ellipfis, 

hy  what  law  of  centripetal 
force  tending  to  the  centre 
of  the  figure  it  is  defcribed 
by  a  revolving  body  I,  75 

by  what  law  of  centripetal  . 
force  tending  to  the  focus 
of  the  figure  it  is  defcribed 
by  a  revolving  body  1, 79. 

F. 

Fluid,  the  definition  thereof  I» 

64 
Fluids,  the  laws  of  their  denfiy 
and  comprefiibn  (bewnll> 
Sea.  5. 

tkeir  motion  in  running  out 
at  an  hole  in  a  vcifel  deter- 
mined 11,  124 
Forces 

their  compofition  and  refolu- 
tionl,  22 

attra^ive  forces  of  (phaerlcal 
bodies,  compofed  of  parti- 
cles attrading  according  to 
any  law,  determined  I,  Sed. 
12. 

attradive  forces  of  bodies  not 
fphserical  compofed  of  par- 
ticles attradling  according 
to  any  law  determined  I, 
Sea.  13. 
Force 

centrifugal  force  of  bodies  on 
the  Earth's  sequator,  how 
great  II,  240 

«cj|tnp^  force  defined  I^  4. 


the  abfolute  quantity  of  cen- 
tripetal force  defined  I,  6 

the  accelerative  quantity  of 
the  fame  defined  ik, 

the  motive  quantity  of  the 
fame  defined  I,  7 

the  proportion  thereof  to  any 
known  iatce,  how  coUeaed 
I,  66 

the  invention  of  the  centri- 
petal forces,  when  a  body 
is  revolved  in  a  non-refift- 
fting  fpace  'about  an  im- 
moveable centre,  in  any  or- 
bit J^Sea.  2.  and  3. 

the  centripetal  forces  tending 
to  any  point  by  which  any 
figure  may  be  defcribed  bjr 
a  revolving  body,  being  gi- 
ven J  the  centripetal  forces 
tending  to  any  other  point, 
by  which  the  fame  figure 
may  be  defcribed  in  the 
fame  periodic  time,  are  alfo 
given  I,  72 

the  centripetal  fi^rces  by  which 
any  figure  is  defcribed  by 
a  revolving  body,  being 
given ;  there  are  given  the 
forces  by  which  a  new 
figure  may  be  defcribed,  if 
the  ordinates  are  augment- 
ed or  diminifhed  in  any 
given  ratio,  or  the  angle 
of  their  inclination  be  any 
how  changed,  the  periodic 
time  remaining  the  fame  I, 

77. 

centripetal  forces  decreafing 
in  the  duplicate  proportion 
of  the  diftances,  what  figures 
may  be  defaibed  by  them 
I,  85,  222 

a  centripetal  force  that  is  reci- 
procally aj^the  cube  of  the 
ordinate 
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ordinate  tending  to  t  vaffly 
remote  centre  of  force  will 
caufe  a  body  to  move  in 
any  given  conic  fe^ionl, 

74 

centripetal  force  that  b  as 

the  cube  of  the  ordinate 

tending  to  a  vafUy  remote 

centre  offeree  will  caufe  a 

body  to  move  in  an  hyper* 

i>olaI>  310 


God,  iiis  Nature  H,  389 
Gravity^ 

of  a  different  nature  from 
magnetical  force  IT,  225 

Siutwd  between  the  Earth 
iind  its  parts  I,  37 

the  caufe  of  it  not  amgned  II» 
392 

tends  towards  all  the  Planets 
If,  219;  from  the  furfa- 
ces  of  the  Planets  upwards 
decreafes  in  the  duplicate 
tatio  of  the  diftances  from 
thexrentre  II,  229;  from 
the  fame  downwards  de^ 
creafes  nearly  in  the  fimple 
ratio  of  the  fame  II,  229 

rends  towards  all  bodies,  and 
is  proportional  to  the  quan- 
tity of  matter  in  each  II, 

.225 

is  the  force  by'which  the  Moon 

is  retained  in  its  orbit  II, 

the  fame  proved  by  an  accu- 
rate calculus  II,  311,312. 

is  the  force  by  which  the 
primary  Planets  and  the 
Satellites  of  Jupiter  and 
Saturn  are  retained  in  their 
orbits  II,  219 


H. 


Hett,  an  iron  rod  increafes  h 

length  by  heat  II,  250 
of  the  Sun,    how    great  at 

different  difbnces  from  the 

Sun  n,  a6o 
how  great  m  Mercury  11,  229 
how  great  in  the  Comet  of 

1 680, when  in  its  perihelion 

II,  36^ 

Heavens 
are  void  of  any  fenfible  rcfift- 
ance  II,  231,  331,  369, 
and  therefore  of  almoft  any 
corporeal  fluid  whatever 
161,  162 
fuffer  light  to  pafs  through 
them  without  any  refrad^ 
on,  n,  362 

Hydroftaties,     the     principles 
thereof  deliveredll,  Se6t.5. 

Hyperbola 

by  what  law  of  centrifugal 
force  tending  from  the  cen- 
tre of  the  figure  it  is  dc- 
fcribed  by  a  revolving  body 

by  what  law  of  centrifugal 
force  tending  from  the  fo- 
cus of  the  figure  it  is  dc^ 
fcribed  by  a  revolving  body 
1,82 
by  what  law  of  centripetal 
force  tending  to  the  focw 
of  the  figure  it  is  defcrib- 
ed  by  a  revolving  bodyI# 
8f 
Hypothcfes  of  what  kind  foevcr 
rejcdled  from  this  philofo; 
phy  II,  391 


hl^ 


Digitized  byVjOOQlC 


1  N  1>  E  X, 


Jupitcf, 

Its  p^iodk  time  TI,  210 
its  diftance  from  die  Sun  H, 
211 

its  apparent  diameter  II,  207 

ies  true  diameter  II,  228 

its  attra^ve  force  how  great 
11,227 

the  weights  of  bodies  on  its 
furface  II,  228 

its  den^  ik 

its  quantity  of  matter  /i. 

its  perturbation  by  Saturn 
how  much  II,  234 

the  proportion  of  its  diame- 
ters exhibited  by  compu- 
tation II,  2441  and  compa* 
red  with  obfervations  ib* 
and  245 

its  rotation  about  its  axis  in 
what  time  performed  II, 

244 
the  caufe  of  its  beks  hinted 
atII,J3i 


light. 

Its  propagation  not  inibuita- 
neousi,  316;  not  caufed 
by  the  agitation  of  any  ethe- 
real medium  II,  181 , 
its  velocity  different  in  diffe- 
rent mediums  I,  3 1 3 
,    IL  certain  refledlion  it  fome- 
'  times  fuffcrs   explained  I, 


s  refra 


its  refraftion  explained  I,  311 
refra^on  is  not  made  In  the 

fingle  point  of  incidence  1^ 

3^7 


an  incurvation  of  light  about 
the  extremities  of  bodies 
obferved  by  experiment^  Ij 
316 

Magnetic  force  I,  37  ;   U,  79,' 
^^    225,313 

Mars, 
its  periodic  time  11,  210 
its  diAance  from  the  Sun  11^ 

211 

the  motign  of  its  aphelion  EG 

Matter,  ^ 

quantity  of  matter  defined 

I,  1 
.  Its  vis  infita  defined  L  2 
its  impreffed  force  defined  I, } 
its  extenfion,  hardnefs,  impe- 
netrability,   mobility,   vU 
inertia^  gravity,  how  difco* 
vcredll,  203 
fubtle  matter  of  Des-C^trtii 
enouired  into  II,  107 
Mechanical    Powers   explained 

and  demonllrated  I,  3ft 
Aiercury, 

its  periodic  time  H,  2f  o 
.     its  diHance  from  the^unlf; 
2n   ^ 
the  motion  of  its  aphelion  11^ 

Method 

of  firilan4Jafi  ratios  I,  Sefi.  i, 

of  transforming  figures  into 
others  of  the  fame  analyti- 
cal order  I,  121 

of  fluxions  II,  17 

differential  II,  333 

of  finding  the  quadratures  of 
all  curves  very  nearly  tru^ 
^h  335 

Of 
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|>f  converging  ftries  applied 
*  •  to  the  folution  of  difficult 
«       •  problems  1, 1 87, 1 89, 302, 

II,  32,  286 
Moon 

the  figure  of  its  body  collefl- 
cd  by  calculation  II>  3 1 4  . 
'     jtsHbrations  explained II,  238 

its  mean  apparent  diameter 
II,  311 

Its  true  diameter,  ibid. 

weight  of  bodies  on  its  fur- 
fece  ibid. 

Its  denfity  ibid. 

its  quantity  of  matter  ibid. 
.  its  mean  diflance  from  the 
Earth,  how  many  greateft 
femidiameters  of  the  Earth 
contained  therein  ibid,  how 
many  mean  femidiameters 
II,  313 

its  force  to  move  the  Sea  how 
great  II,  306  ;  not  percep- 
tible in  experiments  of  pen- 
dulums or  any  ftatical  or 
hydroftatical  obfervationslly 
'     ^   3x0 

its  periodic  time  II,  312 

the  time  of  its  fy nodical  revo- 
lution H,  266 

its  motions  and  the  ineqnali- 
tics  of  the  fame  derived 
from  their  caufes  11,2  5  2, 29 8 

revolves  more  flowly,  in  a  di- 
lated orbit,  when  the  Earth 
is  in  its  perihelion  5  and 
more  fwiftly  in  the  aphelion 
the  fame,  its  orbit  being 
contracted  11,252, 298, 299 

revolves  more  flowly  in  a  di- 
lated orbit  when  the  apo- 
gxon  is  in  the  fyzygies  with 
the  Sun  5  and  more  fwiftly 
in  a  con  traded  orbit  when 
the  apogseon  is  in  the  qua- 
^       jdraturcs  U,  300 


revolves  more  flowly,  in  a 
dilated  orbit,  when  the 
node  is  in  the  fyzygies^vith 
the  Sun ;  and  more  fwiftly, 
in  a  contracted  orbit,  when 
the  node  is  in  the  quadra- 
tures II,  301 

'  movies  flower  in  its  quadra- 
tures with  the  Sun,  fwifter 
in  the  fyzygies  5  ai>d  by  a 
radius  drawn  to  the  Eardi 
d^Ccribes  an  area,  in  the 
firft  cafe  lefs  in  proportion 
to  the  time,  in  the  laft  cafe 
greater  II,  252 ;  the  ine- 
quality of  thofe  areas  com- 
puted II,  263  ;  its  orbit  is 
more  curve,  and  goes  hi- 
ther  from  the  Earth  in  the 
firft  cafe ;  in  the  laft  cafe 
its  orbit  is  lefs  curve,  and 
comes  nearer  to  the  Earth 
n,  252  5  the,iigure  of  this 
orbit  and  the^.  proportion  of 
its  diameters  collefted  by 

\        computati'of)  II,  267 ;  a  me- 
thod of  findii^  the  Moon's 
diftance  from  the  Earth  by 
its  horary  motion  ibid. 
its  apogseon  moves  mere  flow- 
ly when  the  Earth  is  in  it? 
aphelion,   more  fvyiftly  in 
tne  perihelion  II,  253,  299 
itsapogsBon  goes  forward  raoft 
--   "  fwiftly  when  in  the  fyzy- 
gies with  the  Su  n ;  and  goes 
backward    in   the  quadra- 
tures II,  253,  301 

'^  Jts  eccentricity  greateft  when 

•  -  "  the  apogseon  is  in  the  fy- 

zygies with  the  Sun  ;  Icift 
^ '  ^    v^hen  the  fame   is  in  the 
'quadratures  II,  253,  3ct 

*  its  ^nodes  move  more  flowly 

when  the  ^Earth  ^'s.ln  iw 
aphclioij 


Digitized  byVjOOQlC 


INDEX. 


apheltoti  and  more  fwiftly 
in  the  perihelion  11^  253, 

its  nodes  are  at  reft  in  their 
iyzygies  with  the  Sun,  and 
go  back  moft  fwiftly  in  the 
qoadratores  II,  253 

the  motiops  of  the  nodes  and 
the  inequalities  of  its  mo- 
tions computed  firom  the 
theory  of  gravity  II,  273, 
278,  2S3,  287 ;  the  fame 
fi*om  a  different  principle 

n,  2t9 

the  inclination  of  its  orbit  to 
die  ecliptic  greateft  in  the 
fyzygies  of  the  node  with 
the  Son,  and  leaft  in 
the  quadratures  I,  245 

the  variations  of  the  inclina-' 
tion  computed  from  the 
theory  of  gravity  II,  293» 
296 

the  ec^uations  of  the  Moon^s 
motions  for  aftronomical 
ufes  n,  299,  i^c. 

the  annual  equation  of  the 
Moon's  mean  motion  11, 

299 
the  £rft  femi-annual  equation 

of  the  fame  II,  300 
the  fecond  femi-annual  equa- 
tion of  the  fame  II,  301 
the^rft  equation  of  the  Moon's 

centre  II,  302, 1,  149,  £s^*. 
the  fecond  equation  01    the 

Moon's  centre  II,  303 
Moon's  firft  variation  II,  271 
the  annual  equation  of  the 

mean  motion  of  its  apogee 

XI,  299 
the   femi-annual  equation  of 

the  fame  II,  301 
the  femi-annual  equation  pf 

its  eccentricity  /^/V. 


the  annual  equation  of  the 
mean  motion  of  its  nodes 
U,  29^ 

the  femi-annual  equation  of 
the  fame  II,  288 

the  femi-annual  equation  of 
the  inclination  of  the  orbit 
to  the  ecliptic  II,  298 

the  method  of  £zing  the  the- 

*  ,  ory  of  the  Lunar  motions 

from  obfervations  11,  304 

Motion,  its  quantity  defined  I,  z 

Motion  abfolute  and  relative  I, 

10;  ^he  fcparation  of  one 

from  the  other  poffible;  de- 

monftrated  by  an  example 

h  17 

Motion,  bws  thereof  1, 19 
Motions,  compofition  and  refb- 

lution  ofthem  I,  22 
Modon   of  concurring   bodies 
after    their    reflexion,   by 
what  experiments  collected 

Motion  of  bodies. 

in  eccentric  fe£tions  Sedl.  3. 
in  moveable  orbits  Sed  9. 
in  given  fuperficies,  and  of  the 
reciprocal  motion  of  pen- 
dulums Se6^.  10. 
Motion  of  bodies   tending  to 
each  other  with  centripetal 
forces  Sed.  1 1 . 
Motian  of  very  finall  bodies  a- 
gitated  by  centripetal  for- 
ces tending  to  each  part  of 
fome  very  gitat  body  Scft. 

H- 
Motion  of  bodies  reiiftedLin  the 
ratio  of  the  velocities  II, 
Sea.  I., 
in  the  duplicate  ratio  of  the 
velocity  II,  Scft.  2, 


D4 


partly 
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partly  in  the  fimple,  and  part- 
ly in  the  duplicate  ratio  of 
the  fame  II,  Scdl.  3* 
Motion 

of  bodies  proceeding  by  their 
vis  infita  alone  in  refitting 
mediums  II,  i,  2,  12,  15, 
44,  46,  122 

of  bodies  afccnding  of  defen- 
ding in  right  lines  in  re- 
filling mediums,  and  a£led 
on  bv  an  uniform  force  of 
gravity  n,  4,  22,  24,47,  JO 

of  bodies  projefted  in  relifting 
mediums,  and  aded  on  by 
an  uniform  force  of  gravi- 
ty II,  6,  28 

of  bodies  revolving  in  relift- 
ing mediums  II,  Seft.  4.  ^ 

of   funependulous  bodies  in 

refilling  mediums  II,  Se£l.6. 

Motion  and  refiftance  of  fluids 

II,  Scft.  7. 
Motion  propagated  through  flu- 
ids II,  Se6l.  8. 
Motion  of  fluids  after  the  man- 
ner of  a  vortex,  or  circu- 
lar II,  Sea.  9. 


Ovals  for  optic  ufes,  the  me- 
thod of  finding  them,  which 
Cartefius  concealed  I,  3 1  ji 
a  general  folution  of  Car- 
tejius^$  problem  I,  319 

Orbits, 

the  invention  of  thofe  which 
are  defcribed  by  bodies  go- 
ing off  from  a  given  place 
with  a  given  velocity,  ac- 
cording to  a  given  right 
line  ;  when  the  centripe- 
tal force  is  rctiprocally  as 


the  fquare  rf  the  c^ance> 
and  the  abfolute  quantity 
of  that  force  is  known  1, 90 

of  thofe  which  are  defcribed 
by  bodies  when  the  cen- 
tripetal force  13  recipro- 
cally as  the  cube  of  the 
diftancc  I,  74,  174,  184 

of  thofe  whibh  are  defcribed 
by  bodies  agitated  by  any 
centripetal  forces  whatever 
I,  Sc6l.  8. 


Parabola,  by  Wh«  hvf  of  cen- 
tripetal forci  tending  to 
the  focui  of  the  figure  the 
fame  may  be  defcribed  1, 84 

Pendulums,  thfeir  properties  ex- 
plained I,  803, 212;  n, 

Se6^.  6. 
the  diverfe  lengths  of  ifochro- 
nous  pendulunls  indiffotnt 
latitudes  compared  among 
themfelves,  both  by  obfer- 
vations,  and  by  the  theory 
of  gravity  H,  246  to  251 

Place  defined,  and  diflinguifhed 
into  abfolute  and  relative 
I,  10 

Places  of  bodies  moving  in  co- 
nic fedlions  fotmd  to  any 
affigned  time  I,  Sedl.  6. 

Planets, 
not  carried  about  by  corpo- 
real vortices  II,  197. 

Planets  primary, 

furround  the  Sun  11,  209 
move  in  ellipfes  whofc  focui 
is  in  the  Sun^s  centre  II» 

234- 
by  radij  draWn  to  the  Stin  de- 
fcribe  areas  proportional  to 

the  times  it  2111  234 

revolve 
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revolve  in  periodic  times  that 
ate  in  the  fefquiplicatc  pro- 
portion of  the  diftances 
from  the  Sun  II,  210      . 

arc  retained  in  their  orbits  by^ 
a  force  of  gravity,  which 
refpefts  the  Sun,  and  is  re- 
ciprocally as  the  fqiiare  of 
the  diflance  from  the  Sun^s 
centre  II,  214,  219 
Planets  fecondary, 

move  in  elliples  having  their 
focus  in  the  centre  of  the 
priihary  II,  252 

by  radij  drawn  to  their  prima- 
ry defer  J  be  areas  proportio- 
nal to  the  times  II,  206. 
208,  212 

revolve  in  periodic  times 
that  are  in  the  fcfquiplicate 
proportibn  of  their  dif- 
tances  from  the  primary 
II,  206,  208 
Planets, 

their  periodic  times  n,  210 

their  diftances  from  the  Sun 

11,211 

the  aphelia  and  riodes  of  their 

orbits    do  almofl    refl   II> 

236 
their  orbits  determined   II, 

237 
the  way  of  finding  their  places 

in  tneir  orbits  II,  148  to 

'53 

their  denfity    fuited    to  the 

helt  they  receive  from  the 
Sun  II,  229 

their  diurnal  revolutions  e- 
quable  II,  238 

^Jicir  axes  lefs  than  the  dia- 
meters that  Hand  upon 
them  at  right  angles  II, 
239 


Problem  Kepkrian^  fi^ved  by 
the  trochoid,  and  by  ap- 
proximations   I,    148    to 

Problem  of  the  ancients,  of  four 
lines,  related  by  Pappus^ 
and  attempted  hyCartefius 
by  an  algebraic  calculus^ 
folved  by  a  geometrical 
compofition  I,  no 

Projefliles  move  in  paraboll^s 
when  the  rdiftance  of  the 
medium  is  taken  away  I,  ^ 
77,  310  Hi  34 

Projed^iles,  their  motions  in  re- 
filling medium^  II,  6,  28 

Pulfes  of  the  air,  by  which 
founds  are  propagated,  their 
intervals  or  breadths  deter- 
mined II,  180,  183  ;  thefe 
intervals  in  founds  madd 
by  open  pipes  probably  e- 
qual  to  twice  the  length  of 
the  pipes  II,  1 83 


Quadratures  general  of  otal  fi- 
gures not  to  be  obtained 
by  finite  terms  I,  145. 

Qualities  of  bodies  how  difco- 
vered,  and  when  to  be  fup- 
pofed  univerfal  II,  203 


R. 

Refiftance, 

the  quantity  thereof  in  medi- 
ums not  continued  II,  1 20 
in  continued    mediums    11^ 

243 
in  mediums  of  any  kind  what- 
ever II,  123 

D  d  2  Rcfifl- 
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Xfefiffances,  the  theory  thereof 
confirmed  by  ezperiments 
of  pendulums  II,  95  to 
io8 

by  experiments  of  Ming  bo- 
dies n,  145  to  t6z 
Refinance  of  medioms, 

it  as  their  denfity  cstteris  pa- 
tikus  II,  106,  I07>  ii3» 
121, 14.3, 160 

kin  the  duDlicate  proportion 
of  the  velocity  of  the  bodies 
refiftedy  atteris  fMrihus  11, 
II,  96*    ii3»   »2»>    H3» 

is  in  the  duplicate  proportion 
of  the  diameters  of  fphaerical 
bodies  re^ed,  ceteris  pa- 
ribus II,   ioi»  I03»  ii3> 

Refinance  of  fluids  threefold; 
and  arifes  either  from  the 
inadlivity  of  the  fluid  mat- 
ter^ or  the  tenacity  of  its 
parts,  or  fridion  II,  54; 
the  refilbnce  found  in  fluids 
almofl  all  of  the  firil  kind 
H,  107,  1C9  and  cannot  be 
diminifhecf  by  the  fubtUty 
of  the  parts  of  the  fluid,  li 
the  denitty  remain  II»  161 

Refiflance  of  a  globe  what  pro- 
portion  it  bears  to  that  of 
a  cylbder,  in  mediums  not 
continued  II,  1 1 7 
in  comprefled  mediums  II, 
141 

Reflftance  of  a  globe  in  medi- 
ums not  continued  n,  120; 
in  comprefled  mediums  II, 
1435  how  found  by  expe- 
riments II,  145  to  1 6a 

Refilbnce  to  a  fruftum  of  a 
cone,  how  nude  the  Icaft 
pofliblcll,  119 


Refiftance,  what  idnd  of  folid  it      ' 
b  that  meets  with  the  leaft 
II,  120 
Reft,  true  and  relative  I,  10 
Rules  of  philofophy  II,  202 

S.  I 

Satellites, 

the  greateft  heliocentric  elon- 

gition  of  Jupiter's  Satellites 
»207 

the  greateft  heliocentric  don-      ' 
gation  of  the  Hugenian  Sa^ 
tellit  from  Saturn's  centre     ' 
lit  227 

the  periodic  times  of  Jupiter's 
Satellites,  and  their  diftances 
firom  his  centre  IL,  206, 
207 

the  periodic  times  of  Saturn's 
Satellites  and  their  diftances 
from  his  centre  11,  208, 
209 

the  inequalities  of  the  moti- 
ons of  the  Satellites  of  Ju- 
piter and  Saturn  derived 
from  the  motions  of  the 
Moon  n,  252 
Saturn, 

its  periodic  time  II,  210 

its  diftance  from  die  Sun  £^ 
211 

its  apparent  diameter  11,209 

its  true  diameter  II,  22S 

its  attradive  force  how  great 
II,  227 

the  weight  of  bodies  on  its 
furface  II,  228 

its  denfity  ib. 

its  quantity  of  matter  /^. 

its  perturbation  by  the  ap- 
proach of  Jupiter  how  gr«u 
11,235        ^. 

the  apparent  diameter  of  its 
ring  II,  209 

Sefqui- 
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Sclquiplicatc  proportion  defined 

I,  5a 

Shadow  of  the  Earth  to  be  aug- 
mented in  lunar  eclipfes,  be- 
caufe  of  the  refra^on  of 
the  atmofphere  11,  304 
San, 
moves   round  the  common 
centre  of  gravity  of  all  the 
Planets  n,  232. 
the  periodic  time  of  its  revo- 
lution about  its  axis  11,  238 
its  mean    apparent  diameter 

11,311 

its  true  diameter  II,  228 

its  horizontal  parallax  ikid. 
has  a  menfbual  parallax  II, 

,    235 

Its  attradive  force  how  great 

II,  227 

the  weight  of  bodies  on  its 
furface  II,  228 

its  denfity  ibid. 

its  quantity  of  matter  ibid, 

its  force  to  difturb  the  moti- 
ons of  the  Moon  II,  215, 
262 

its  force  to  move  the  Sea  II 

Soands, 

their  nature  explained  II,  1 67, 
i73>  176,  178,  180,  181, 
182 

not  propagated  indire8um  II, 
1 66 ;  caufed  by  the  agita- 
tion of  the  air  n,  1 11 

their  velocity computcdH^  181, 
1 82  9  fome  what  fwifter  by ' 
the  theory  in  fummer  than 
in  winter  II,  1 83 

ccafe  immediately,  when  the 
motion   of    the    fonorous 
'  body  ceafQS  II,  176 

how  augmented  in  fpeaking- 
trumpetsUj  18^ 


Space, 
abfolute  and  relative  1, 9, 10^ 

II 
not  equally  inll  II,  224 
Sphaeroid,  the  attra£lion  of  the 
fame  when  the  forces  of  its 
particles  are  reciprocaUy  as 
the  fquares  of  the  diftancei 
1,303 
Spiral  catting  all  its  radij  in  a 
given  angle,  by  what  law 
of  centripetal  force,  tending 
to  the  centre  thereof,    it 
-  may  be  defcribed  by  a  re- 
volvmg  body  1, 74 ;  11,56^ 
61 
Spirit^  pervading  all  bodies  and 
concealed    within     them, 
hinted  at  as    required  to 
folve  a  great  many  j^iaemo- 
mena  of  Nature  U,  393 
Stars 

the  fixed  Stars  demonilrated 

to  be  at  reft  II,  236 
their  twinkling  what  to  be 

afcribed  to  U,  363 
new  Stars,  whence  they  may 
arife  II,  385 
Subftances  of  all  things  unknowa 

T. 

Tides  of  the  Sea  derived  from 
their  caufe  II,  255,  305, 
306 

Hme  abfolute  and  relative  I,  9^ 
II. 

Time,  the  aftronomical  equation 
thereof  proved  by  pen- 
dulum-cLocks  and  the  eclip- 
fes  of  Jupiter's  fatcUites,  l^ 
\z 

V- 
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AVacaom  proved,  or  tint  all 
fpaces  (if  {aid  to  be  fuH) 
are  not  equally  full  II,  224 

Velocity,  the  greateft  that  a 
globe  falling  in  arefiiling 
medium  can  acquire  II»  143 

Velocities  of  bo4ies  moving  m 
conic  fe^ona  where  the 
centripetal  force  tends  to 
the  focus  1/87,  88, 89 

Vcnu5, 
its  paripdic  time  H,  210 
its  dii^ancc  from  the  Sun  U, 

211 

the  motion  of  its  aphelion  II, 
237 
Vortices,  their  nature  and  con- 
^utioa  ezanr  Jned  II»  Se£t. 
9.  S87 


Waves,  the  velocity  with  which 
tiicy  are  propagated  on  the 
fuperlicies  of  ^gnanp  wa- 
ter H,  171 

Weights  of  bodies  towards  the 
Sun,  the  Earth,  or  any  Pla- 
net, are,  at  equal  di&mces 
from  the  centre,  as  the 
quantities  of  matter  in  the 
bodies  II,  220 
they  do  not  depend  upon  the 
forms  and  textures  of  bo- 
dies ^,  223 

Weights  of  bodies  ija  different 
regions  of  the  Eatth  found 
out  and  compared  together 

n,  24s 
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APPENDIX. 


Amntg  the  EtcpUcationSy  (gii/en  by  a  Friend,) 

of  fame  Trofofitims  in  this  Book,  not  dt- 

tnonftrated   by   the  Author ,     the    Editor 

finding  thejh  following,  has  thought  it  prO' 

per  to  annex  them.    Thus, 

To  Cor.  z.  Trop.  91.  Book  1.  'Pag  joj. 

O  find  the  force  whereby  •  fphere 

'  (jidBg,)  on  the  diameter  AB,  at- 

trafts  the  body  P.  X.Pt.  19.  Fig.  i .) 

Let  Su4z=SB  =  r,PS=ti,  PE 

=*,    PB  =  a=:4+r,    PAr=i*i 

=^d — r;  Theref.  **  —  dd — rr  \  alfo4-j-»  =  i<4 

•• — <»=ir;    Therefore  Ap  —  M-=./^dr:    And 

^£  =</—*,  ^£  =*  X— «,  B£  =*— X. 

Now  the  force  whereby  the  circle,  whofe  radius  is 

P  E 
Ed,  attrafts  the  body  P,  is  as  i —  -^  (  ^Y  ^^?*   's 

Prop,  po.)  ■:  ■' 

«  Aftd 
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=^/  +  £?*  =  zdx — HA — xx-^-xxzn)  zdx 
— 4 ^:   Th.  ^  =  ^.      )^     •      Therefore 

X  XX 

1—  -'or  • — — ==:===  is  the  flu. 

*      y/'—Hct^iax     ^,     V — 4flft-+-2.rfA: 

xion  of  the  attraftive  force  of  the  Iphere  on  the  body 

p,  or  the  ordinateoft  curve  whofe  area  reprefents  that 

force. 

'    But  the  fluent  of  x  is  a:;    and   the  fluent  of 

^^  ,  is  JfL+f!L^'^4c^A-z4x  (by 
Tab.  I.  Formj^  Cdf.z.  Quadr.iif  C$irv.) 

Therefore  x ^'Xj  ^  v^— 77^4^733!:  is  the  ge- 
neral expreffion  of  the  area  of  the  curve. 

Now  let  x=a,  then  area  =  (4—  ^\j  ^/—M^ida 

Alfo  let  x=:«,  th«ft  area  =  (« —  ^^7-V— <«-\-  ^^ 

And  the  force  whereby  the  fphere  attra&s  the  body 
P  IS  as  iA — J?  or  as  —7-  =)-=-- . 

a  4  X.  The 
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2.  The  force  whereby  the  fpheroid  AD  B  (?,  attrafts 
the  body  ?,  may,  in  the  fame  manner,  be  found  thus. 

The  force  of  a  circle  whofe  radius  is  £A  to  attraft 

PE 
Py  is  as  I — ~,   (by  Cor.  i.   Prop.  90.  )    Now 

«^.2         ^^  cc . 

ED    ="'=^  xAEB  =-'— X — 4flt-|^  zdx—^x^c 

(by  the  Conies;  )  and  TlD    —  (ER^  —  ED^-^l-Yp^ 
—  4otcc  A^  z  dccx  —  ccxx         , 

=       ! i  '  +   XX   =  ) 

rr *  -^ 

— actccA-idccx-X-rr-^ccxxz      ^,      ^  * 
' ^r;^ Therefore  ( i  — 

PE                                       X 
PD=' 


r  rr      '     rr 


c  rr — cc 

X-'l XX 


XX 


or )  X  —   '  y  J  =;=;s-  is 

r  rr    ^      rr        '         rr 

the  fluxion  of  the  attraftive  force  of  the  fph^oid  oft 
the  body  P,  or  the  ordinate  of  a  curve  whofe  area  is 
the  meafure  of  that  force. 

Now  the  fluent  of  AT  is  jr;  and(by  d/z.  FormZ.Tab.  z. 
QfMd.Ciir.)  the  fluent  of 


XX 


•  /    ^iMC  ,  idcc    .   rr^-^cc 


-AT-l XX 

rr  ^    rr      ^       rr 
^dcc       j^dcc  /^acccc 


is    ( ''^  ^^ 


_4^^^g      rr—cc      ^ddc^~  ~ 
»'''  rr  JT'^ 
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^ct^dd — rr  cc -{■  ad — it 

is  the  general  expreffion  for  the  area  of  the  curve. 

_^      /    aucc    z4cc      cc — rr 

r         rr   ■    rr  *^^ 

is  an  ordinate  to  a  conic  fedion,  whofe  abfcifla  is  x; 
4n4  i>  '*  Jthe  areas  NMB,  NK^>  Mj^eept  to  the  or<fi. 
pates  BMt  AK.  ;  Put  P  =  i — <r. 

Let  *  =  J,  or  P£  =  PZf  =  BM-^  then  v  =  #,  oxfI> 

=Pfl  =  ?iW;andtfaetret  =  *+--^^-j-2j:;j^  -^ 

AndletA:=«,  or  PE—PA^AK',  thtot>=«e,  or  Pi? 

=?^=^,andihearea  =  «  +     ,,^^^     =g' 

And  the  attraftive  force  of  the  fpjtftoid  on  P»  «» 

dxMr—ct(» — AeeXA---cb---iM^^ 
v  *  ■  ■     cc  ■\-ad — rr 

__        ,   zddt-\~ir* — idP     .  ay«4-t<fxa^— P 
—  *'"+^     «-)-^~rr      ~''         a^-«U— IT 

But  id=:(a-\-»=}  tMJ^AKy  therefore  idr=z 
twwizium  ABMKi  and  Z>=  (  j— r  =  )  area 
jiKRAiB  i  therefore  J[)--.aJr  =  mixtilinear  area 
KKMLK—Ci  confequently  xi/r— D=~^C;  there- 
fore td^x^r—D^—xdCi   iherjfoie  the  aitac- 

rrcc — 2«/C 
live  force  of  the  fphcroid  on  P,  i?  «   cc-yU—rr  ^ 

z^S^^^zPSxJ^RMjf^  Confequewly,theat. 

traaive  force  of  the  (phcroid  upon  the  body  P  m\\  be 
to  the  attraaive  focce  of  a  fohere,  vh«le  diameter  1$ 

rcc—dC       r' 
AB,  upon  the  fame  body  P,  as  ^^^-TJJ-^^to^or 


ASxSC  ^PSitKRMK,       AS  _. 

-??  — ==l — -=1 — ■=x —  *o  ~=^*  *^ 
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ToSchoL  Trap.  34.  Book  2.  ^.119.  /•  20. 

For  let  it  be  proppfed  to  find  the  vertex  of  the  conc^ 
a  fruftuoi  of  which  has  the  defcrib'd  property. 

Let  CFG  B  be  the  fruftum,  and  *y  the  vertex  re- 
quired. (P/.  19.  Fig.  2.) 

Now  conceive  tne  medium  to  confift  of  particles 
which  ftrike  the  furface  of  a  body  (moving  in  it)  in  a 
diredion  oppofice  to  tha]t  of  the  motion  ;  then  the  re- 
/ift^ce  will  be  the  force  which  is  made  up  of  the 
efficacy  of  the  fprces  of  all  the  ftrokes. 

Ii^  any  line  Ppy  parallel  to  the  axis  of  the  cone,  and 
meeting  its  fw-fapie  yn  f^  ta)ce  pm  of  sl  given  length, 
for  the  fpacc  qefcrib*d  by  each  point  of  the  cone  in  a 
given  time  :  Draw  mq  ptrpcndicuUr  to  the  fide  CCF) 
of  the  cone,  and  qn  perpendicular  to  pm* 

Therefore  this  line  p  m  wiHreprefent  the  velocity,  or 
force,  with  which  a  particle  of  the  medium  ftrikes  the 
furface  of  the  coae  obliquely  in  p. 

But  the  force  mp  is  equivalent  to  two  forces',  the 
one  (mq)  perpendicular,  thst  other  (pq)  parallel  to  the 
fide  of  the  cone  ^  which  laft  is  therefore  of  no  efFefl-. 

Aad  the  perpendicular  force  mq  is  equivalent  to  two 
forces,  the  one  (mn)  parallel  to  the  at  is  of  the  cone, 
tb^othjer  (qn)  perpendicular  to  it;  which  alfo  is  de- 
ftroy'd  by  the  contrary  aftiouof  another  particle  on  the 
oppofite  fide  of  the  cone. 

There  remans  only  the  force  mn,  which  has  any 
effeft  in  refilling  or  moving  the  cone  in  the  direSion 
pf  ^rs  axis. 

Therefore  the  whole  force  of  a  fingle  particle,  or  the 
cffeft  of  the  perpendicular  ftroke  of  a  particle,  upon  the 
bafe  of  a  circumfpribin^  cyliqcjer,  is  to  thjc  effed  of 
the  ot^ltqujc  ftrpke  upon  xbt  furface  of  the  cone  (in  m) 

^s  mp  t^  «"»r  pr  a?  mp    to  (wp 55 «?»;=;  wj  j  or  as 

Cf'  to  c^*-  2.  Now 
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Now  the  number  of  particles  ilriking  in  a  paral* 
lei  diredion  on  any  furface^  is  as  the  area  of  a  plane 
figure  perpendicular  to  that  direftion^  and  that  woi^ 
|uft  receive  thofe  ftrokes. 

Therefore^  the  number  of  particles  ftriking  againft 
the  fruftum^  that  is,  againft  the  furfaces  defcrib'd  by 
the  rotation  of  JD,  and  CF,  each  particle  with  tlic 
forces  mf,  and  mft  refpedively>  is  as  the  circle  de- 
faib'd  by  (FD  or)   OH^  and  the  annulus  dcfcribed 

by  CH,  that  is,  as  Oll  to  CO* ~  0^\ 

But  the  whole  force  of  the  medium  in  refiftmgi 

is  the  fum  of  the  forces  of  the  feveral  particles. 
Thereforef  the  refiftance  of  the  medium)  or  the 

whole  efficacy  of  the  force  pf  all  the^/lrokes  againft 

the  end  FG  of  the  fruftum,  is  to  the  refiftance  againft 

the  convex  furface  thereof,  as  (mf  x  OH     to    mnx 
CO '---oh' oras  CF  ^ OH*  toCH  TcO^-^H* 

or  as)  OH'  ,oIE1iB1=2K . 

CF^ 
Theref.  the  whole  refiftance  of  the  medium  agamftthe 

r    a  I.  r      ^^   ,>.,,*  .  CH  xO)^ --OH^ 

fruftum  maybe  reprcfented  by (0/f  + ==r^ 

C  F 

^  cy  xOH* •-.'CH* X  oh'  4- C^"'  x'OC*' 

_       .        CF*   ___, 

.  HF^x  O  If*  jf^ClfxOC*       ...       „ 

=  )  ^%-^ »  which  call  »j 

■    CF 
that  is,  ^putting  OCznrt  0D=ii4,   OS=:jft  then 

C^=  C-2^  =  )  ^,  and  0/f^  fc^,; 

v*y  — 44r»j  +  44»r»  =r?»-|-j»*:   Confequently 

^         .    zr* 
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zr^j*y  — 4<^^*J'  =V^7  ^"7*  ^-{-r^^i  But  Z0 
is  a  minimum ;  therefore  rrj^^zarr  =:z.y  ;    confe- 

quendy  (z.  =)^^ -=: ^^^^^ . 

Hence  7j  —  zaj=rri  and  making  Qjg^=  OP 
=  4;  then(>— 4=)j^5=(v^rr+44=;jOC. 

Tq  the  fame  Schol.p.  120.  /.  lo. 

Oft  the  right-line5C,  (P/.  ip.Fir^  3 .)  fuppofe  the  paralle- 
lograms BGyby  MNfm^  of  the  leaft  breadth,  tobeered- 
cd,  whofe  hights  BG^  AiNj  their  diftance  Mh  and  half 
the  fum  of  their  bafes  ^Mm  +  ^5  *=  4,  are  given :  Let 
half  the  difference  of  the  bafes  ^Mm — \Bb  be  called 
XI  Let  G  andiV  be  points  in  the  curve  GND;  and 
producing  h  y,  and  mv  to  g  and  »,  (fo  that  yjj  =  v  «= 
ft)  the  points  £  and  »  may  alfo  be  in  the  fame  curve. 

Now  if  the  figure  CDNGB^  revolving  about  the 
axis  B  C»  generates  afolid,  and  that  folid  moves  forwards 
in  a  rare  and  elaftic  medium  from  C  towards  B^  (thepofi- 
tion  of  the  right-line  SC  remaining  the  fame;  )  then 
will  the  fum  of  the  refiflances  againft  the  furfaces  ge« 
Derated  by  the  lineols  Ggy  Nn^  be  the  leaft  poflible» 

when  Gg    is  to  Nn    ^BGxBh  to  MNxMm. 
For  the  force  of  a  particle  ovi  Gg  and  -ATn,  to  move 

them  in  the  diredion  BC,  is  as  •:zr7andzzT;  and  the 

^        Nn 
number  of  particles  that  ftrike  in  the  fame  time  on  the 
furfaces  generated  by  Gg  and  Nn^  are  as  (the  annuli 
defcrib'd  by  ^y  and  »v,  that  is,  z%BGy.gy  and  MJN 
x»  V,  or  as)   5 G  and  MN;   therefore  the  refiftances 

againft  thofc  furfaces  are  as  -^rr-  to  -^r^,  that  is  (put- 

Gg         Nn 

r      "TT"*  I       i-     ■""■    »  BG        MN 

ting  J  for  Gg  ,  and  ;?r  for  N'*  ,)  as  —  to  -— . 

]         Z 

i  But 
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But  the  Aiitoof  thefc  rtfiftances  ( 1-  -_-)  is  a  ib^ 

.    y     ^, 

tiiaium.    Therefore — BGn^ MNn  —  rro.or 

JJ  «• 

y£  =)  44 — 2  4Ar-|.Ar;e4-i*;  dtid  «.=  (Aw    = 
^^^4-vif  =)iia^i4x  +  xx+Uithcreforcy=ixx 

—  iMX^  and ^  =  i4XJ^ixx: confcqucntly xzx 

BG      .     (MN'   

JJ  ** 

^^xMm=r^^xiZ:rz=)^xBb.  Therefore 

iyj)  Gg  :  (**)  iV^*  ziBGxSh:  MNxMm. 

Coniequently,  that  the  fum  of  the  rcfiftanccs  againft  the 
lurfaces  generated  by  thelineolae  Gg  ancli\r»)  may  be  the 

kaft poffible, Gg^  muft  beto^^i   tsGBbxo NMm. 

Wherefore,  if  yg  be  ibadc  txvxA  to  y  ff,  fb  that  the 

angle  yGg  tany  be  4f°,  and  tnc  wgle  BGg  IJ5''; 

alfo  5*  =z^',«nd  Gi*'=4y^'*;  then  45^  : 
Hh*  '.:G£b:  NMm ;  and  fince  GR  is  parallel  to 
A^w,  and  BG,  6R  parallel  to  »»-,  /V*;  alfo  ^v  —^y 
=  vG;  it  follows  that  («v=  y6=)  BbxiN^-} 

„,       BGxMm 
Mm  :i  BG  :  BRi    therefore   Bb  = g^"  ' 

i\(o  (hv—)  yG  :  Nn  :i  BG  :  GR^    Confequently 

437!_^  1?^=(  ""It  ^  )  .iV  .  TbcrefoB 
I^n*        GR*     ^NMm     ^  MNxBR 

4Tg*xS^  istoGl     tiGRtoMN* 
FINIS. 
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*^   juftice  to  the  editor    of 
this  tWilflatioh  df  Sk  Ifaac 
Newton's  Principia,  it  is  pro- 
per to  acquaint  the  reader, 
that  it  was  with  my  confent, 
he  publiHiedan  advernfettient;  at  the  end 
of  a  volume  of  mifeellames^  concerning  a 
fmall  tra^  which  I  intended  to  add  to  his 
book  byway  of  appendix;  mydefign  in 
whidi  was  to  deliver  feme  general  ele- 
mentary    pfopofitions,    ferving,     as   1 
thought)  to  explain  and  demonftrate  the 
truth  of  the  rules  in  Sir  Ifaac  Newton'i 
Theory  of  the  Moon. 

A  2  Thb 
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I'ttE  occafion  of  the  undertaking  was 
merely  accidental;  for  he  (hewing  me 
a  paper  which  I  communicated  to  the 
author,  in  the  year  17 17,  relating  to 
the  motion  of  the  nodes  of  the  M6on*s 
orbit  5  I  recoUedted,  that  the  method 
made  ufe  of  in  fettling  the  Equation 
for  tha!t  niotioh.  Was  equally  appli- 
cable to  any  other  motion  of  revoluti- 
on. And  therefore  I  thought  that  it 
would  not  be  Unacceptable  to  a  reader 
of  tfie  Principia^  to  fee  the  ufes  of  tEe 
faid  method  explained  in  the  other  E- 
quations  of  the  Moon's  ihotion  :  Efpe- 
cially  fince  the  greateft  part  of  the 
Theory  of  the  Moon  is  laid  down  with- 
out any  proof;  and  fihce  thofe  prdpofi- 
tions  relating  to  the  Moon  s  motion, 
which  are  demonftrated  in  the  Principiay 
do  generally  depend  upon  calculations 
very  intricate  and  abftrufe,  the  truth  of 
which  is  not  cafily  examined,  even  by 
thofe  that  are  moft  skilful ;  and  which 
however  might  be  eafily  deduced  from 
other  principles. 

.  But  in  my  progreife  in  this  defign, 
happening  to  findfeveral  general  propo- 
fitions  relating  to  the  Moon's  motions, 
which  ferve  to  determine  many  things, 
which  have  hitherto  been  taken  from 
the  obfervatlons   of  Aflronomers :  And 

having 
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having  rcafon  to  think,  that  the  Theory 
of  the  Moon  might  bythefe  means,  be 
made  more  perfecft  and  compleat  than 
it  is  at  prefent ;  I  retarded  the  publica- 
tion of  the  book,  'till  I  could  procure 
due  fatisfadion  by  examining  obfervati- 
ons  on  places  of  the  Moon.  But  find- 
ing this  to  be  a  work  requiring  a  con- 
fiderable  time,  not  only  in  procuring 
fuch  places  as  are  proper,  but  alfo  in 
performing  calculations,  upon  a  new  me- 
thod, not  yet  accommodated  to  pra- 
d:iie  by  convenient  rules,  or  affifted  by 
tables;  I  thought  it  therefore  more  con- 
venient for  the  Bookfeller,  not  to  flop  the 
publication  of  his  impreffion  any  lon- 
ger upon  this  account.  But  that  I  may  in 
fome  meafure,  fatisfy  thofe  who  are  well^ 
converfant  in  Sir  Ifaac  Newton's  Prin- 
cipiay  (and  I  could  wifh  that  none  but 
fuch  would  look  over  thele  papers,)  that 
the  faid  advertifqment  was  not  without 
fbme  foundation ;  and  that  I  may  remove 
any  fufpicion  that  the  defign  isentirely  laid 
^fide,  I  have  put  together,  altho'  in  no  or- 
der, as  being  done  upon  a  iiidden  refoluti* 
on,  fome  of  the  Propofitions,  among 
many  others,  that  I  have  by  me,  which 
fcem  chiefly  to  be  wanting  in  a  The* 
cry  of  the  Moon,  as  it  is  a  fpeculation 
A  3  found^ 
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fournkd  on  z  jihyfical  caufc;  and  thofe 
arc  what  relate  to  the  ftating  of  the 
mean  motions.  For  altho-  it  be  of  Ikr 
tie  or  no  ufe  in  Albronomy  to  know  the 
rules  foe  afcotaining  the  meanvmodon^ 
of  the  Node  or  Apogee>  iince  the  fa£k  is 
dl  that  is  w^uiting,  and  that  is  odier-* 
wife  known  by  comparing  the  obferva- 
tions  of  former  ages  with  thofe  of  the 
prcfent;  yet  in  matter  of  fpecukti- 
on,  this  is  the  chief  and  npioft  nccef- 
fary  thing  requirpd:  fince  there  is  no 
other  way  to  know  that  the  caufe  is 
rightly  affigned,  but  by  (hewing  that 
tl^  motions  are  fo  much  and  no  more 
than  what  they  ought  to  be. 

But  that  it  may  not  be  altc^ethcr 
without  its  ufe,  I  have  added  all  the 
rules  for  the  equation  of  the  Moon's 
motion,  except  two ;  one  of  which 
is  a  monthly  equation  of  the  variation 
depending  on  the  Moon's  anomaly ;  and 
the  other  an  equation  arifing  from  thp 
iEarth's  being  npt  in  the  focus  of  the 
Moon's  orbit,  as  it  has  been  foppofed  tp  be, 
in  all  the  modern  theories  fince  Horrox. 

For  not  having  had  time  to  examine 
over  the  obfervations  which  are  neccf- 
fery,  but  being  pblig'd  inftead  thereof, 
to  take  Sir  I/aac  Ne^ton^s  theory  for 
my  (chief  guide  and  direction,  I  cannot 

venture 
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vei|tpre  lo  d^n  irom  k  too  lir,  in 
«f^l)U<hiiig  pf uftfifini  «!itirel V  new ;  Once 
J[  aqi  w^  ^Sored,  upon  tlifi  bfift  au^ 
thorii^,  ^^t  it  Is  never  found  to  err 
fP9r^  d)9n  fev^flr  eight  mmuties. 

Ap4  ^ertforc  hoping  that  the  rear 
4^t  who  c(w^der»~^  fuidden  occafion 
^dnecf^ityof  my  publishing  iheiePro- 
{K^tiqqp  at  diis  w^fk  vf'iu  msi}fx  ^le 
gUowfim^e  for  i^  want  of  order  and  me- 
ij^qd, and  Jockey pcm  diemtmlyas  fomany 
^}(^(%  Rgl«$  ^  Proportions  not  con^ 
pp^ed :  I  ^hall  h^iQ»  wicboutany  other 
pre^ux,  with  (hewing  dv;  origine  of 
||^  inequality,  which  it  called  the  Va«> 
f  iation  <x  Re^«£^ion  of  the  Moon. 

Ths  variation  orrcfle-      »,  ir  •  •      c 
^on  is  that  monthly  in-    thc^od"'*'*'"  '^ 
equality  in  the  Moon's  mo- 
tion, wbo'ein  it  more  manifi^ly  dl^ts 
from  the  laws  of  the  motion  of  a  pla-> 
net  in  an  ^iptic  orbic.     ^yeh  Brabt 
Bialies  thie  inequality  to  arUie  frinn  a 
^d  of  m^im/vry  motion  backwards  and 
f(tf  wards,  wherin^  die  BAoon  is  accelerat- 
^  and  retarded  by  turns,  nrioving^vifier 
in  the  firft  and  third  quarter,  and  flower 
^tbefecondandfourd),  whidi  inequali- 
ty is  principally  observed  in  the  o^Sants. 

Sir  JJaac  Newtw  accounts  fax  th« 
A  4.  variatioa 
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variation  from  the  different  force  of  gra- 
vity of  the  Moon  and  Earth  to  the 
Sun,  arifing  from  the  d^rent  diftances 
of  the  Moon  in  its  feveral  afpedls. 

Themeangtavityof  the  Moonto  the 
Sun,  he  fiippofes,  is  fatisfied  by  the  an- 
nual motion  of  the  ^  Moon  round  the 
Sun }  the  gravity  of  the  Moon  to  the 
Earth,  Jie  fiippofes,  is  fatisfied  by  a  re- 
volution of  the  Moon  about  the  Earth. 
But  the  diflference  of  the  Moon  s  gravi- 
ty to  the  Sun  more  or  lefs  than  the 
Earth*s  gravity,  he  fuppofes,  produces 
two  effed:s  5  for  as  this  difference  of 
force  may  be  refolved  into  two  forces, 
one  ad:ing  in  the  way,  or  contrary  to 
the  way,  of  the  Moon  about  the  Earth, 
gnd  the  other  a6ting  in  the  line  to  or 
from  the  Earth  :  the  firft  caufes  the 
Moon  to  defcribe  a  larger  or  fmaller 
area  in  the  fame  time  about  the  Earth, 
accordbg  as  it  tends  to  accelerate  or 
retard  it;  the  other  changes  the  form  of 
the  lunar  orbit  from  what  it  ought  to 
be  merely  from  the  Moon's  gravity  to 
the  Earth,  and  both  together  make  up 
that  mequality  which  is  called  the  varia- 
tion. 

But  fince  the  real  motion  of  the  Moon, 
tbp*a  fimple  motion,  caufed  by  a  con-* 
tinuaj  deftedion  from  a  ftreightline,  by 

the 
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tlie  joint  fcwrce  of  its  gravity  to  the  Sun 
and  Earth,  thereby  defcribing  an  orbit, 
which  inclofes  not  the  Earth  but  the 
Sun,  is  yet  confidered  as  a  compound 
motion,  made  from  two  motions,  one 
about  the  Sun,  and  the  other  about 
the  Earth  ;  becaufc  two  fuch  motions 
are  requiiite  toanfwcr  the  two  forces  of 
its  gravity,  if  fepar^tcly  confidered:  For 
the  very  fiune  reafon,  the  Moon's  mo- 
tion ought  to  be  rcfolved  into  a  thii'd 
motion  of  revolutbn,  fince  there  re- 
mains a  third  force  to  be  fatif^fied,  and 
that  is  the  force  ariiing  from  the  alte? 
ration  of  the  Moon's  gravity  to  the 
Sun.  And  this  when  confidered,  will 
require  a  motion  in  a  fmall  ellipfis,  in 
the  manner  here  defcribed. 

The  circle  ADFH  reprefents  thcF^.  x. 
orbit  of  the  Moon  about  the  Earth  in  the 
center  fT,  as  it  would  be  at  a  mean 
diftance,  fuppofing  the  Moon  had  rfo 
gravity  to  any  other  body  but  the 
Earth.  The  diameter  ATF  divides 
that  part .  of  the  orbit  which  is  towards 
the  Sun,  fuppofe  ADF^  from  the  part 
oppofite  to  the  Sun,  fuppofe  AHF. 
The  diameter  at  right  angles  H'TD^ 
is  the  line  of  the  Moon's  conjundiion 
with  or  oppofition  to  the  Sun.  The 
figure  P^JjK  is  an  EUipfis,  whofe  cen- 
ter 
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ur  18  car pi«d  round  the  Earth  in  the  orbit 
^BDEFfiy  havinff  itft  longer  axis  PL 
in  length  double  of  the  fhorter  axis  ^K^ 
and  lying  always  parallel  to  TDy  the  line 
jobiqg  th^  cienters  of  the  Earth  and  Sun* 
Whilft  fhc  faid  figure  i^  carried  from  -^ 
to  B,  the  Moon  revolves  the  contrary  way 
frona  ^to  A^,  fo  as  to  defcribe  equal  area« 
in  equal  times  about  the  centre  of  it; 
and  to  perform  its  revolution  in  the 
fame  time  as  the  center  of  the  faid  Elliptic 
epic)?cle(if  it  may  he  fei  called,)  perform* 
its  revolution;  the  Moon  being  always 
in  the  remoter  extremity  of  its  fhorter 
axis  in  ^and  K  when  it  is  in  the  quarters^ 
and  in  the  ncarcft  extremity  of  its  longer 
axis  at  the  time  of  the  new  and  ftdl  Moon. 

The  fhorter  femiaxis  of  this  Ellipfis 
-^^is  to  the  diftapceof  its  center  from 
the  Earth  AT'y  in  the  duplicate  propor- 
tion of  the  Moon's  periodical  time  about 
the  Earth  to  the  Sqn's  periodical  time; 
Which  proportion,  if  there  be  2 139  re- 
volutions of  the  Moon  to  the  Stars  in 
160  fydercal  years,  is  that  of  47  to  8400, 

The  figure  which  is  defcribed  by  this 
conr^>ound  motion  of  the  Moon  in  the  El- 
liptic epicycle,  whiift  the  center  of  it  is 
carried  round  the  Earth,  very  nearly  re* 
prefents  the  fwm  of  the  Lunar  orbit;  fijp- 
pofing  it  wifhout  eccentricity,  and  that 

the 
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the  plane  was  coincident  with  the  plane  of 
the  ecliptic,  and  that  the  Sup  continued 
in  the  fame  place  during  the  w^iple  revo- 
lution of  the  Moon  about  the  Earth. 

Feom  die  above  conftixM^^ion  it  apr 
pears,  that  the  proportion  between  th# 
mean  diftance  of  the  Moon  and  its 
greapeft  or  leaft  diftances,  is  eafily  aA 
figned ;  bf  ing  fomething  largei:  chain  tha^ 
which  js  affigned  by  Sir  Ifaac  Newtm  in 
the  8th  propofition  of  his  third  book. 
But  as  ;he  computation  there  given,  de- 
pends uppnthefolution  of  a  biquadratio 
equation^  affedled  with  numeral  coeffici^r 
cms;  which  renders  it  impoflible  to 
compare  the  proportions  with  each  other^ 
fo  as  to  fee  their  agreement  or  difagree- 
ment,  except  in  a  particular  application 
to  numbers ;  I  (hall  therefore  fet  down  a 
rule,  in  general  terms,  derived  from  his 
method,  which  will  be  exaft  enough, 
unlefs  the  periods  of  the  Sun  and  Moon 
fhould  be  much  nearer  equal  than  they 
are.  Let  L  be  the  periodical  time  pf  the 
Moon,  S  the  period  of  the  Sun,  M  the 
fynodical  period  of  the  Moon  to  the  Sun, 
and  D  be  the  difference  of  the  periods^ 
of  the  Sun  and  Moon;  then,  according 
p  Sir  Ifaac  Newton's  method,  die  di^ 
ference  of  the  two  axes  of  the  Moon's 
elliptic  orbit,  as  it  is  contracted  by  the 

adtion 
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a€tiGO  of  the  Sun,  is  to  the  fum  of  the  faid 

axes  as  3L  X  — ■  to  4jDD — -SS.      But 

according  to  the  conftrudiion  before  laid 
down,  idbe  iiid  proportion  is  as  ^LL 
to  zSS-^LL. 

B  y  Sir  I/aac  Newton's  rule,  the  dif- 
ference will  be  to  the  ium,  nearly  as 
5  to  694  J  and  confequently  the.  diame- 
ters will  be  nearly  as  689  to  699,  pr  69 
to  70 :  But  by  the  latter  rule,  the  diffe- 
rence will  be  to  the  fum,  nearly  as  j  to 
119;  and  the  diameters  or  diftances  of 
the  Moon,  in  its  conjundion  and  qua- 
drature with  the  Sun,  will  be  as  59  to 
^o.  Dr.  HalleVy  (who  in  his  remarks 
upon  the  Lunar  theory,  at  the  end  of 
his  catalogue  of  the  Southern  ftars,  firft 
took  notice  of  this  contradlion  of  the 
Lunar  orbit  in  the  Syzygies  from  the  phe- 
ijomena  of  the  Moon's  motion)  makes 
the  difference  of  the  diameters  to  the  fum^ 
as  I  to  90  ',  and  confequently  tlie  greater 

axis  to  the  lefTer,  as  457  to  44^.     • 

But  the  difference,  in  thefe  propor- 
tions of  the  extream  diftances,  tho'  it 
may  appear  conliderable,  is  not,  how- 
ever, to  be  diftinguiih'd  by  the  oblerva- 
tions  on  the  diameters  of  the  Moon, 
whilft  tlie  variations    of  the  diameters, 

from 
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from  this  caufe,  are  intcrmrxt  wkh  thd 
other  much  greater  variationis,  arifing 
from  the  eccentricity  of  the  orbiL. 

The  angle  of  the  Moon's  elongation  ^^'  »- 
from  the  center,  defigned  by  BTNy  is 
properly  the  variation  or  refle(ftion  of  the 
Moon.      The  propenies  of  which  are 
evident  from  the  defcription^ 

First,  It  is  as  the  fine  of  the  double 
diftance  of  the  Moon  from  the  quadra^ 
ture  or  conjunction  w^ith  the  Sun:  For  it 
is  the  difference  of  the  two  angles  B^A 
and  N'T  Ay  whofc  tangents^  by  the  con* 
ftruftion,  are  in  a  eiVen  proportion- 

Secondly,  Tn6  variation  is,  cate^ 
ris  paribus^  in  the  duplicate  proportion 
of  the  fynodical  time  of  the  Moon's  revo- 
lution to  the  Sun.  For  the  variation  is 
in  proportion  to  the  mean  diameter  of 
the  epicycle,  and  that  is  in  :the ' duplicate 
proportion  of  the  fynodical  tinae  of  re- 
volution. > 

The  greateft  viM-iation  is  an  angle, 
whofe  fine  is  to  the  radius,  as  the  dfe- 
rence  of  the  greateft  and  leaft  distances 
T^and  7X,  that  is  3^^,totheirlum. 
According  to  disproportion  of  the  lines 
before  defcribed,  diis  rule  makes  the  elon- 
gation near  29  minutes  -,  which  would 

he 
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be  the  variation,  fiippofing  the  Mo6n 
perform'd  its  revolmion  to  the  Sun  in 
the  time  of  its  revolution  round  thd 
Earth.  But  if  that  elongation  of  29 
MiiMites  be  increafed  in  die  duplicate  pro^ 
portion  of  die  fynodical  time  to  die  perio^ 
dicai  time  of  revolution,  it  will  pro- 
duce near  34  minutes  for  the  variation. 

I T  is  to  be  noted,  thdt  what  is  faid  of 
the  epicycle,  is  upon  fuppofition,  that 
the  Eardis  orbit  rouikl  the  Sun  is  a  cir^ 
de;  if  the  eccentricity  of  the  annud 
orbit  be  confidered^  the  mean  diame- 
ter of  the  epicycle  mxjit  increafe  or 
diminifh  reciprocally  in  the  triplicate 
proportion  of  the  Sun's  diftance* 

The  method  of  find-  T  H  fi  Conftrudion  which 
RfvSuff^'^"'^""  IcommunicatedtoSiri/ir^. 
Newton^  for  the  annual  mo^ 
tion  of  the  nodes  of  the  Moon's  orbit, 
(which  is  printed  in  the  fcholium  to  the 
33d  propofition  of  his  3d  book)  is  d 
cafe  of  a  general  method,  for  (hewing 
the  inequality  of  any  motion  round  a 
center,  when  the  hourly  motion  Or  ve- 
Jocity  of  the  objedl  varies,  according  to 
any  rule,  depending  on  its  afpe(ft  to  fome 
omer  object.  For  in  any  revolution, 
the  me^  motion  and  inequality  are  to 
he  afligned  by  means  of  a  curvilinear 

figure 
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46^are,  wherfetn  i^qcoil  areas  ate  Scribed 
dKmc  the  ctntev  in  equal  times  ^  the  ^o- 
perty  of  which  figure  is,  that  theraysfi^n 
««  center^  are  dWiys  recipiw^lly  in  the 
ifelkloplicace  proportion  of  the  liouriy 
motion  or  velocity  about  yhk  cemer, 

Thm  in  the  figure  defcf  &ed  in  mypig^^ 
•coi^udion,  wbet^  9"  N  istte  line  «f 
the  nodes,  ^A  the  line  Aawft  to  *e 
Sun,  is  fuppofed  to  revolve  ^^and  the 
center?',  with  die  velocity  of  xJieSttn's 
motion  from  the  node  j  and  ^tie  Tay 
^By  whidi  is  taken  always  4n^be^- 
duplicate  proportion  of  that  vetecity, 
win  defcr^  equal  ai*as  in  equal  times; 
fo  that  die  fedor  NT'S  will  be  the 
mean  motion  of  ii&  Sun  ;  the  fe<5tor 
NT  A  the  motion  of  the  Sun  from 
the  node ;  and  cb»fe(^ettdy  d*  ^rea 
NAB  the  motion  of  *he  node ; 
which  tvill  be  a  retrograde  motion  if 
the  area  be  wicbin  4ie  citd^  and  di- 
reft  if  it  falls  withbut.  Frtfm  Whence 
it  follows, 

1.  That  the  periodkai  time  of^he 
Sun's  revolution  to  the  node,  Will  be  to 
the  periodical  time  of  the  Sun's  levole- 
tioii,  as  the  area  of  Ae  cufvilJfieaT figure, 
to  the  area  of  the  circle. 

2.  That  if  a  circle  be  defcribe4whc>fe 
area  is  equal  to  the  area  of  the  curvili- 
near 
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ticar  figure,  it  will  cut  that  figure  latKef 
pkce  where  the  Sun  has  the  mean  mo- 
tion from  the  node^ 

3.  If  an  angle  NTF  be  mad^  which 
ihali  comprehend  an  area  in  the  faid 
circle,  equal  to  the  fcdtbr  iV  T"  J5  in  the 
figure,  that  angle  will  be  the  mean  mo- 

,  tion  of  the  Sun  from  the  node.    And 
.  coniequently> 

4.  The  angle  Fi^B,  whieh  is  the 
di£Ference  between  the  Sun's  true  mo- 
tion fironi  the  node,  de%ned  by  AUNy 
and  the  Suns  tnean  motion  from  die 
node,  defigned  by  FT'JV,  will  be  the 
equation  for  the  Sun's  motion  from 
the  node^  when  the  Sun's  pofition 
to  the  node  is  defigned  by  the  angle 

at:n. 

From  all  which  it  appears,  that 
what  is  faid  of  the  Sun's  motion  from 
the  node,  will  hold  as  to  any  other  mo- 
tion round  a  center;  as  of  the  Sun  from 
the  Moon,  or  the  Moon  from  the  node 
or  apogee.  In  any  fuch  revolution^  a 
curvilinear  figure  may  be  defcribed  about 
the  center,  by  the  areas  of  which,  the 
relation  between  the  niean  and  true 
motion  may  be  {hewn;  and  conie- 
quently  the  inequality  or  equation  of  Ae 
motion. 

Thus 
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And  as  in  every  revolution  there  is 
a  certain  figure  which  is  proper  to  fliew 
thb  relation,  fuch  a  figure  maybecaird 
an  Equant  for  that  motion  or  revolu- 
tion. 

And  in  every  revolution  where  the 
Equant  is  a  figure  of  the  fame  property^ 
the  inequalities  or  equations  will  alter 
according  to  the  iame  rule^ 

Thus,  if  the  Equant  be  an  ellipfis 
about  the  center,  as  in  that  for  the  mo* 
tion  of  the  Sun  from  the  node, 

jF>>/?,  The  mean  motion  in  the  whole 
revolution,  will  be  a  geometrical  mean 
proportional,  between  the  greateft  mo- 
tion in  the  extremity  of  the  leffcr  axis, 
and  the  leaft  motion  in  the  extremity  of 
the  longer  axis :  For  the  radius  of  the  cir- 
cle, which  is  equal  to  an  ellipfis,  is  a  mean 
proportional  between  the  two  femiaxes. 
Secondly^  The  tangents  of  the  angles 
«f  the  mean  and  true  motion,  are  in  the 
given  proportion  of  the  two  axes  of  the 
ellipfis.  Thus  the  tangents  of  the  angles 
of  the  true  and  mean  motion  of  the  Sun 
from  the  node,  viz.  the  tangents  of  the  pig,  zj 
angles  ATNzvA  ETNy  are  in  propor- 
tion as  theordinates  EG  and  FG^  that 
is,  as  the  femiaxes  TH  ^nd  TN. 

Thirdly  J  The  fine  of  the  angle  of 
the  greateft  inequality  in  the  odants  is 

B  to 
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to  the  radius,  as  half  the  fuin  of  the 
axes  to  half  their  difference. 

It  is  to  be  noted,  that  the  equant  is 
an  ellipfis  about  the  center,  in  every 
motion^  where  the  exceis  of  the  veloci- 
ty about  the  center  above  the  leaft  ve- 
locity, is  always  in  the  duplicate  pro- 
portion of  the  fine  of  the  angle  of  the 
true  motion,  from  the  place  where  the 
velocity  about  the  center  is  leaft.  From 
which  remark,  upon  examination  it  will 
appear,  that  the  following  motions  are 
to  be  reduced  to  an  Elliptic  equant  de- 
fcribed  about  the  center. 

The  monthly  motion  of  the  Moon 
from  the  node. 

The  annual  motion  of  the  Sun  from 
the  node. 

The  motion  of  the  Moon  from  the 
Sun,  as  it  is  accelerated  or  retarded,  by 
the  alteration  of  the  area  defcrib'd  about 
the  Earth,  according  to  Sir  Ifaac  New^ 
ton's  i6th  prop.  3  d  book. 

And  the  annual  Motion  of  the  Sim 
from  the  apogee.  How  thefe  feveral 
equants  are  determined  will  appear  by 
what  follows. 

The  node  is  in  its  fwifteft  retrograde 
Thi!  mrvfj^^  ^f  ♦!,.       motion,    when   the  Sun  and 

I  nc  motion  of  the  ^j.  '  .  .        n . 

Nodes.  Moon  are  m  conjunaion  or 

oppo- 
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oppofition,  and  in  a  quadrature  with  the 
line  of  the  nodes.  According  to  Sir  iyZ^^r 
Neivton'z  method,  (explainM  at  the  end 
of  the  thirtieth  propofition  of  the  third 
book)  the  force  of  the  Sun  to  produce 
a  motion  in  the  node,  at  this  time,  is 
equal  .  to  three  times  the  mean  Solar 
force;    that  is,  by  the  conftruftion  of 
the  elliptic  epicycle,  equal  to  a  force, 
which  is-  to  the  force  of   gravity,   as 
3  ^^  to  ^7*,  or  three  times  the  leifer jFig. i: 
femiaxis    of    the    ellipfis    to    the   di* 
fiance    of  its   center  from  the  center 
of   the  Earth.     But  if  the  Moon  re- 
volve in  the  elliptic  epicycle  as  before 
defcribed,  the  force  to  make  a  motion 
in  the  node  at  the  time  mentioned,  will 
be  to  the  force  of  gravity,  as  j©L  to 
2)7*,    or  three  times  the  longer  femi- 
axis   to   the  diftance  of    the    center; 
which  is  the  double  of  the  former  force. 
But  then,  according  to  Sir  Ifaac^s  me- 
thod, the  motion  of  the  node  at  this 
time,  is  to  the  Moon's  motion,  as  the 
folar  force  to  create  a  motion  in  the 
node  is  to  the  force  of  gravity.     But  if 
the  Moon  be  conceived  as  revolving  in 
a  circle,  with  the  velocity  of  its  motion 
from  the  node  at  this  time,  when  the 
node  mpves  fwifteft,  and  the  plane  of  the 
iaid  circle  be  fuppofed  to  have  a  rotation 
B  2  ^pon 
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tipon  an  axis  perpendicular  to  the  pSine 
of  the  ecliptic,  and  the  contrary  way  to 
the  motion  of  the  Moon,  fb  as  to  produce 
the  motion  of  the  node,  and  leave  the 
Moon  to  move  with  its  own  motton 
about  the  Earth ;  the  force  to  make  a 
motion  in  the  node  feems  to  be  the 
difference  of  the  forces  to  retain  it 
with  the  velocity  of  its  motion  in  the 
moveable  and  immoveable  planes :  But 
the  velocities  of  bodies  revolving  in 
circles  are  in  the  fiibduplicate  proportion 
of  the  central  forces.  Frcmi  whence  it 
follows,  that 

The  motion  of  the  Moon  from  the  node 
at  this  timey  when  the  node  movej 
fwiftejiy  is  to  the  motien  of  the  Moon^ 
in  the  fubduflicate  proportion  of  the 
fnm  of  tfje  forces  to  the  force  of 
gravity y  or  as  the  fum  ofTD  and 
jDL  to  TD. 

And  this  would  be  the  greateft  nK>- 
tion  of  the  node,  upon  fuppofition  that 
the  plane  of  the  Moon's  orbit  was  al- 
moft  co-incident  with  the  plane  of  the 
ecliptic  ;  but  if  the  inclination  be 
confidcred,  the  motive  force  for  the 
node  muft  be  diminifhed,  in  the  pro- 
portion of  the  fine- complement  of  the 
mclination  to  the  radius.     How  much 
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this  motion  is,  will  appear  by  the  fol- 
lowing fliort  calculation. 

The  diftance  jT©  being  as  before 
equal  to  8400,  and  7^T)L  being  281, 
the  inclination  of  the  plane  in  this  po* 
ficioti  is  4^.  59'.  35-";  the  fine-comple- 
metit  of  which  is  to  the  radius,  as  525 
to  5  27  nearly;  therefore  the  force  of  gra- 
vity is  to  the  motive  force  for  the  node 
thus  diminifhed,  in  the  compound  propor^ 
tion  of  S400  to  282,  and  of  527  to  525, 
that  is,  in  the  proportion  of  42 1 6  to  1 41. 
So  that  the  greateft  motion  of  the  Moon 
from  the  node  is  to  the  motion  of  the 
Moon,  in  the  fubduplicate  proportion  of 
4557  to  4x16,  that  is,  in  the  propor- 
tion nearly  of  615  to  603.  According 
to  which  calculation,  the  greateft  hour- 
ly motion  of  the  node  ought  to  be  jx". 
47*^.  By  Sir  Ifaac  Newtonh  method, 
it  amounts  to  33".  \o^\. 

This  is  the  fwiftcft  retrograde  motion 
of  the  node,  when  the  line  of  the 
nodes  is  in  a  quadrature  with  the  Sun, 
and  the  Moon  is  in  its  greateft  latitude 
in  comunftion  or  oppoGtion  to  the  Sun. 
But  the  equant  for  the  motion  of  the 
Moon  from  the  node  in  this  month, 
when  the  line  of  the  nodes  is  in  qua- 
drature with  the  Sun,  is  an  ellipfis  a- 
bout  the  center;  and  therefore  the 
B  3  mean 
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mean  motion    in  this  month   wiil  be 
known  by  the  following  rule: 

The  mean  motion  of  the  Moon  from 
the  nodey  in  that  month  when  the  line 
of  the  nodes  is  in  a  quadrature  with 
the  Sun^  is  a  geometrical  mean  fro^ 
fortional^  between  the  greateft  motion  of 
the  Moon  from  the  node  ana  the  motion 
of  the  Moon. 

And  therefore  this  mean  motion,  will 
be  to  the  motion  of  the  Moon,  in  the 
fubduplicate  proportion  of  (Si  j  to  60 j, 
that  is,  nearly  in  the  proportion  of  122 1 
to  121 1.  So  that  the  mean  motion  of 
the  node  in  this  month,  will  be  to  the 
motion  of  the  Moon,  as  10  to  12 11, 
which  makes  the  mean  hourly  motion 
\S\  19"  Vo-  According  to  Sir  Ifaajc 
Newton  it  amounts  to  16".  35"';  but,  by 
the  corredions  which  he  afterwards 
ufes,  it  is  reduced  to  16''^  i6'"f. 

But  the  equant  for  the  annual  mo- 
tion of  the  Sun  from  the  node  being 
alfb  an  ellipfis,  it  follows,  that 

The  mean  motion  of  the  Sun  from  the 
nodey  is  a  geometrical  mean  proportion 
naly  between  the  motion  of  the  Sun  and 
the  mean  motion  of  the  Sun  from  the 
node  J  in  the  month  when  the  line  of  the 
nodes  is  in  quadrature  with  the  Sun. 

How 
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How  near  this  rule  agrees  with  the 
obfervations^  will  appear  by  this  cal- 
culation. 

Since  the  mean  motion  of  the  node 
in  that  month,  when  the  line  of  nodes 
is  in  quadrature  to  the  Sun^  was  before 
ftiewn  to  be  to  the  Moon's  mean  motion, 
asiotoi2ii;  and  the  motion  of  the 
Sun  is  to  the  motion  of  the  Moon,  as 
I ^o  to  2139  :  it  follows,  that  the  mo- 
tion of  the  node  and  the  motion  of 
the  Sun  will  be  in  the  proportion  of 
154  and  139$  ;  and  therefore,  by 
the  rule,  the  Sun's  mean  motion 
from  the  node,  is  to  the  Sun's  mean 
motion,  in  the  fubduplicate  proportion 

of  1549  ^^  ^39^'  ^^^*'  ^^^  nearly  as 
98  to  95.  Which  correlponds  with 
the  obfervations  \  there  being  98  revo-c 
lutions  of  the  Sun  to  the  node  in  93 
revolutions  of  the  Sun.  The  fubdu- 
plicate proportion  taken  more  nearly,  is 
as  P41  to  893,  which  will  produce  19^. 
21'.  3",  for  the  motion  of  the  node 
from  the  fix'd  Stars,  in  a  fydercal 
year.  The  motion  (as  obfervM)  is 
19^.21'.  22". 

Had  the  calculation  from  the  rule, 
been  more  exadly  made  in  large  num- 
bers,    the    annual    motion     produced 
would  be  199*  21'.  07'%   which  is  14" 
B  4  lefs 
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lefe  than  the  motion,  as  obferyed  by 
the  Aftronomers. 

Which  difference  may  very  probably 
arife  from  the  Sun's  parallax;  and  if 
fo,  it  may  perhaps  fiimifh  the  beft 
and  moft  certain  method  of  adjufting 
and  fixing  the  true  diftance  of  the  Sun. 
For  the  Sun's  force  being  Ibmething 
more  on  that  half  of  the  orb  which  is 
towards  the  Sun,  than  what  it  is  on  the 
other  half,  the  elliptic  epicycle  is  ac- 
cordingly larger  in  the  firft  cafe,  than 
in  the  latter.  And  by  calculation,  I 
find  that  the  mean  motion  of  the  node, 
arifing  after  confideration  is  had  of  this 
difference,  is  more  than  the  mean  mo- 
tion from  the  mean  magnitude  of  the 
epicycle,  by  near  x"  in  the  year,  for 
every  minute  in  the  paralladic  angle  of 
t  he  orbit  of  the  Moon,  or  for  every 
feco  nd  of  the  Sun's  parallax.  And 
by  the  beft  computation  I  have  yet 
made,  this  difference  of  14",  in  the  an- 
nual motion  of  the  node,  will  arife 
from  about  8"  of  parallax  ;  which  will 
make  the  Sun's  diftance  above  25000 
femi-diameters  of  the  Earth. 

In  like  manner  as  the  equant  for  the 
motion  of  the  node,  in  that  month  when 
the  line  of  the  nodes  b  in  quadrature 
with  the  Sun,  is  an  cllipfis  j   lb  in  any 
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other  month  it  is  alfo  an  cUipfis :  the 
motion  of  the  node  being  direft  and  re- 
trograde by  turns,  in  the  Moon's  paffing 
from  the  quadrature  to  the  Sun  to  the 
place  of  its  node,  and  from  the  place  of 
its  node  to  the  quadrature. 

But    thefe  elliptic   cquants  do  not 
only    ferve  to   fliew  the  ine-       The  inclination  of 
quality  of  the  motion  of  the    K^^'^l'^p^'^'f 
node,  but  alio  the  mclination  of    the  Ecliptic. 
the  plane  of  the  Moon's  orbit  to  the 
plane  of  the  ecliptic.    Thus  the  rays 
m  the  elliptic  equants,  for  the  motion  of 
.  the  Moon  from  the  node  in  each  month, 
defign  the  inclinations  of  the  plane  of 
its  orbit  to  the  plane  of  the  ecliptic,   in 
the  feveral  rei^ftive  pofitions  of  the 
Moon  to  the  Ime  of  the  nodes.    And 
the  rays  of  the  elliptic  equant  for  the 
annual  motion  of  the  Sun  from  the  node, 
in  my  Conftruftion,   (in. the  fchoL  to 

§rop.  35.  book  J.  of  Six  I/aac  Newton's 
^rincipd)  defign  the  different  me^n 
inclinations  of  the  (aid  plane,  to  the 
plane  of  the  ecliptic  in  each  month, 
when  the  Sun  is  in  each  refpedive  aC. 
pe£t  to  the  line  of  the  nodes. 

Thus  if  NT   (the  femi-tranfverfe  Fig.a. 
axis  of  the  elliptic  equant  for  the  mo- 
tion of  the  Sun  from  the  node,)  defign 

the 
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the  mean  inclination  of  the  plane,  or, 
which  is  the  fame  thing,  if  it  repreient 
the  mean  diftance  between  the  pole  of 
the  ecliptic  and  the  pole  of  the  Moon's 
orbit,  in  that  month  when  the  Sun  is  in 
the  line  of  the  nodes ;  TH^  the  fcmicon- 
jugateaxisof  the  faid  ellipfis,  will  defign 
the  mean  inclination  or  mean  diftance  of 
the  poles  in  that  month  when  the  line  of 
nodes  is  in  quadrature  to  the  Sun  j  and 
TBy  any  other  femidiameter  of  the  faid 
ellipfis,  will  reprefent  the  mean  diftance 
between  the  faid  poles,  when  the  Sun  is 
in  that  alped  to  the  line  of  the  nodes, 
which  is  defigned  by  the  angle  NX  A. 
For  example,  if  the  leaft  inclination, 
defigned  by  the  ftiorter  femiaxis  TH 
be  5^.  oo'.  go"  }  fince  TH\s  to  T^  as 
the  motion  of  the  Sun  to  the  mean  mo- 
tion of  the  Sun  from  the  node,  by 
the  property  of  this  equant ;  and  fince 
there  are  98  revolutions  of  the  Sun  to 
the  node  in  9  j  revolutions  of  the  Sun  j 
it  follows,  that  HK^  the  difference  be- 
tween the  greateft  and  leaft  of  the  mean 
inclinations  in  the  feveral  months  of  the 
year,  is  to  THthc  leaft,  as  j  to  9j  ; 
by  which  proportion,  the  faid  difference 
will  amount  to  i&.  10".  According  to 
Sir  I/aac  Newton's  computation  in  the 
35'th  prop,   of   the  third  book,    it  is 

16. 
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16'.  23"i.  But  if  the  faid  number  be 
leffenM  in  the  proportion  of  69  to  70, 
according  to  the  author's  note  at  the 
end  of  the  34th  prop,  the  faid  diffe- 
rence will  become  16'.  9". 

And  in  like  manner,  the  inclinations 
of  the  plane  of  the  Moon's  orbit,  in 
that  month  when  the  motion  of  the 
node  is  fwifteft,  (being  fituated  in  the 
line  of  quadratures  with  the  Sun,) 
are  determined  by  the  equant  for  the 
motion  of  the  Moon  from  the  node,  in 
that  month. 

Thus,  let  Tffht  to  TNin  the  fub-  Fig.z. 
duplicate  proportion  of  the  Moon's  mo- 
tion, to  its  greateft  motion  from  the 
node,  when  the  Moon  is  in  the  con- 
jundion  in  TH^y  that  is,  (as  was  be- 
fore determined)  let  THht  toTNm 
the  proportion  of  1211  to  1221;  and 
the  ellipfis  defcribed  on  the  femiaxes 
TH  and  TN^  will  be  the  equant  for 
the  motion  of  the  Moon  from  the 
node  in  that  month.  And  the  rays  of 
the  faid  equant  will  deGgn  the  in- 
clinations of  the  plane  in  the  feveral 
afpeds  of  the  Moon  to  the  line  of  the 
nodes.  That  is,  if  TN  be  the  incli- 
nation of  the  plane,  or  the  diftance  of 
the  pole  of  the  ecliptic  from  the  pole 
of  the  Moon's  orbit,  when  the  Moon 
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is  in  TN  the  line  of  the  nodes,  the 
ray  TB  will  reprefcnt  the  diftancc  of 
the  faid  poles,  or  the  inclination  of  the 
plane,  in  that  afpeA  which  is  defigned  by 
the  angle  NTB. 

Which  being  laid  down,  it  follows 
that  the  whole  variation  of  the  incli- 
nation, in  the  time  the  Moon  moves 
from  the  line  of  the  nodes  to  its 
quadrature  in  THKj  is  to  the  leaft 
inclination,  as  KH  to  TH^  that  is, 
as  lo  to  I2II,  Wherefore  if  the  leaft 
inclination  be  4^.  59',  35-",  the  whole 
variation  will  be  2'.  20".  This  is  upon 
fuppofition  that  the  Sun  continued  in 
the  fame  pofition  to  the  line  of  the 
nodes,  dunng  the  time  that  the  Moon 
moves  from  the  node  to  its  quadra- 
ture. But  the  Sun^s  motion  protrad- 
ing  the  time  of  the  Moon's  period  to 
the  Sun,  in  the  proportion  of  1  j  to  ix ; 
the  variation  muft  be  increafed  in  the  fame 
proportion,  and  will  therefore  be  2'.  41". 
According  to  Sir  Ifaac  Newton's  compu- 
tation, as  delivered  in  the  corollaries  to 
the  J 4th  prop,  of  the  3d  book,  for  Ha- 
ting this  greateft  variation,  (the  inter- 
mediate variations  in  this  or  any  other 
month  not  being  computed  or  fhewn 
by  any  method)  it  amounts  to  2'.  43''. 
But  if  the  faid  quantity  be  diminiftiM  in 

the 
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the  proportion  of  70  to  69,  according 
to  his  note  at  the  end  of  the  faid  propo- 
fition,  it  will  become  the  fame  precifely 
as  it  is  here  derived  from  the  equant. 

The  motion  of  the  Moon  from  the 
Sun,  as  it  is  accelerated  or  re-  The  Variation  of 
tarded  by  the  increment  of  the  ^J;^  IS^oolfS'^'^th^ 
area  defcribed  about  the  Earth,  Earth. 
(according  to  the  26th  prop,  of  the  3d 
book)  is  al£b  to  be  reduced  to  an  ellip- 
tic equant ;  by  taking  the  fliorter  axis  to 
the  longer  axis,  in  the  fiibquadruplicate 
proportion  of  the  force  of  the  Moon's 
gravity  to  the  Earth,  to  the  ^id  force 
added  to  three  times  the  mean  Solar 
force,  that  is,  as  TA  to  the  firft  of  three  Fig,  1: 
mean  proportionals  between  TA  and 
TA^^A^  And  in  the  fame  pro- 
portion b  the  area  defcribed  by  the 
Moon  about  the  Earth,  when  in  qua- 
drature with  the  Sun,  to  the  mean  area, 
or  as  the  mean  area  to  the  area  defcribed 
in  the  fyzygies  :  So  that  the  greateft 
area  in  the  fyzygies  is  to  theleaft  in  the 
quadratures,  in  the  fobduplicate  pro- 
porticMi  of  TA+'}  A ^to  TA^  or  as 
>/8^4.i  to  ^8400.  This  is  upon  fiippo- 
fition,  that  the  Moon  revolves  to  the 
Sun  in  the  fame  time  as  it  revolves  about 
the  Earth  j  which  will  be  found  to  a- 
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gree  very  nearly  with  Sir  Ifaac  New^ 
ton\  computation,  in  the  before-cited 
propofition. 

The  Motion  of  the       ^ND  after  the  fame  manner 
Apogee.  an  elliptic    equant    might  be 

conftrufted,  which  would  very  nearly 
fliew  the  mean  motion  of  the  apoge^ 
according  to  the  rules  delivei'd  by  Sir 
Ifaac  Newton  (in  the  corollaries  of  the 
45  th  prop,  of  the  firft  book)  for  ftating 
the  motion  of  the  apogee,  namely,  by 
taking  the  greateft  retrograde  motion  of 
the  apogee,  from  the  force  of  the  Sun 
upon  the  Moon  in  the  quarters  ;  and 
the  greateft  direft  motion,  from  the  force 
of  the  Sun  upon  the  Moon  when  in 
the  conjun6\ion  or  oppofition  j  each  ac- 
cording to  his  rule,  delivered  in  the  fe- 
cond  corollary  to  the  faid  propofition. 
And  if  an  ellipfis  be  made  whole  axes 
are  in  the  fubduplicate  proportion  of 
the  Moon's  motion  from  the  apogee, 
when  in  the  laid  fwifteft  dired  and  re- 
trograde motions,  the  faid  ellipfis  will 
be  nearly  the  equant  for  the  motion  of 
the  Moon  from  the  apogee,  and  will 
be  found  to  be  nearly  of  the  form  of 
that  above  for  the  increment  of  the  area. 
But  the  motion  of  the  apogee,  ac- 
cording to  this  method,  will  be  found 

to 
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to  be  no  more  than  i^.  37'.  22',  in 
the  revolution  of  the  Moon  from  apo- 
gee to  apogee,  which  (  according  to 
the  obfer  vat  ions)   ought  to  be  2^.  4'. 

7  ^*  . 

So  that  it  feems  there  is  more  force 

ncceflary  to  account  fof  the  motion  of 
the  Moon's  apogee,  than  what  arifes 
from  the  variation  of  the  Moon's  gravi- 
ty to  the  Sun,  in  its  revolution  about 
the  Earth. 

But  if  the  caufe  of  this  motion  be 
luppofed  to  arife  from  the  variation  of 
the  Moon's  gravity  to  the  Earth,  as  it 
revolves  round  in  the  elliptic  epicycle, 
this  difference  of  force,  which  is  near 
double  the  former,  will  be  found  to  be 
fufficient  to  account  for  the  motion;  but 
not  with  that  exaftnels  as  ought  to  be 
expefted.  Neither  is  there  any  method 
that  I  have  ever  yet  met  with  upon  the 
commonly  received  principles,  which  is 
pcrfeftly  fufficient  to  explain  the  mo- 
tion of  the  Moon's  apogee. 

The  mles  which  follow  concerning 
the  motion  of  the  apogee,  and  the  alte- 
ration of  the  eccentricity,  are  found- 
ed upon  other  principles,  which  I  may 
have  occafion  hereafter  to  explain,  it 
being,  as  I  apprehend,  impoffible  to 
derive  thefe,  and  many  other  fuch  pro- 
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positions  from  the  laws  of  centripetal 
forces. 
Fig  I.  Let  yC  (in  the  above  conftru^on 
of  the  Lunar  orbit)  be  the  mean  dif- 
tancc  of  the  Moon,  or  half  the  fum  dt 
its  greateft  and  leaft  diftances,  w^.  T^ 
and  T  L ;  and  let  C  L  be  the  mean  fe- 
midiameter  of  the  elliptic  epicycle, 
or  half  the  fum  of  the  femiaxes;  and 
take  a  diftance  LM^  on  the  other  fide 
towards  the  centre,  equal  to  CL:,  then. 
The  mean  motion  of  the  Moon  from 
its  apogee  J  is  to  the  mean  motion  of  the 
Moon^  in  the  fuhduphcate  proportion  of 
TM  to  TC. 

For  example.  Half  the  ftiorter  axis 
or  DC  is  2  ji  ;  therefore  TC  the  mean 
diftance  is  8376^;    CM  or  zCLy  the 
fum  of  the  femiaxes,  is  141  j  fo  that  TM 
is  8  X  5  51.    Wherefore  the  motion  of  the 
Moon  from  the  apogee  is  to  the  motion 
(9f  the  Moon,   in  the  fubduplicate  pro- 
portion of  8x35!  to  85767,  orof  16471 
to  16755,  that  is,  nearly  as  11710118, 
or  more  nearly,  as  55'x  to  255  •    or  yet 
more  nearly,  as  1877  ^^  ^^93  J  ^  ^^at 
there  ought  to  be  about  16  revolutions 
of  the  apogee  in   1893  revolutions  of 
the  Moon ;    which  agrees  to  great  pre- 
cifenefs  with  the  moft  modern  numbers 
of  Aftronomy;  according  to  which  pro- 
portion, 
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portion,  the  mean  motion  of  the  apo- 
gee, in  a  fydcreal  year,  ought  to  be 
^.o^.+o'.  4oJ",  But  by  the  numbers  in 
Sir  Ifaac  Kewtm'^  theory  of  tlic 
Moon,  the  faid  motion  is  40^  40'.  43"* 
According  to  the  numbers  of  Tycho 
Brahiy  it  ought  to  be  40^.  40'.  47". 

The  mean  motion  of  the  apogee  be- 
ing ftated,  I  find  the  following 
rule  for  the  alteration  of  the  cc-  iJt^SI&l  °^ 
centricity. 

The  leafi  eccentricity  is  to  the  mean 
eccentricity y  in  the  duplicate  proportion 
of  the  Sun*s  tneari  motion  from  the  apO'^ 
gee  of  the  Moon's  orbit y  to  the  Sun's 
mean  motion.  Or  in  the  duplicate  tro^ 
portion  of  the  periodical  time  of  the  oun's 
revolution^  to  the  mean  Periodical  time 
of  its  revolution  to  the  Mooris  apogee. 

By  the  foregoing  rule  for  the  mean 
motion  of  the  apogee,  there  are  1 6  re- 
volutions  of  the  apogee  in  1895  revo- 
lutions of  the  Moon  \  but  there  being 
254  revolutions  of  the  Moon  in  i  9  re- 
volutions of  the  Sun  5  there  muft  be 
about  7  revolutions  of  the  apogee  in 
.  about  6  a  revolutions  of  the  Sun,  or  ra- 
ther about  20  in  177.  So  that  the  pe- 
riods of  the  Sun  to  the  Stars,  and  of  the 
Sun  to  the  Moon's  apogee,  arc  in  pro- 
C  portion 
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portion  nearly  as  the  numbers  157  and 
177.  Ihe  duplicate  of  which  propor- 
tion is  that  of  107  to  136  ;  which,  ac- 
cording to  the  rule^  ought  to  be  the  pro- 
portion of  the  leaft  ecccntricify  to  the 
mean  eccentricity. 

So  that  by  this  rule,  the  mean  eccen- 
tricity, (or  half  the  fum  of  the  greateft 
and  leaft,)  ought  to  be  to  the  difference 
of  the  mean  from  the  leaft,  (or  half  the 
difference  of  the  greateft  and  the  leaft,) 
as  I  j6  to  29." 

How  near  this  agrees  with  the  Ob- 
Icrvations,  will  appear  from  the  numr 
bers  of  Mr.  Horrox  or  Mr.  Flamjied, 
and  of  Sir  Ifaac  Newton. 

The  mean  eccentricity  according  to 
Mr.  Flamjtedox  Mr.  Horrox  is  0.05  5  2  3  6, 
half  the  difference  between  the  greateft 
and  leaft  is  o .  o  1 1 6 1 7 ;  which  numbers  art 
in  the  proportion  of  1 3  5  ;  to  2  8  ^  nearly. 
According  to  Sir  Ifaac  Newton, 
the  mean  eccentricity  is  0x^5505,  hali 
the  difference  of  the  greateft  and  leaft 
is  0.0 1 1 7  J ;  which  numbers  are  in  pro- 
portion nearly  as  1354s  to  28^1,  each 
of  which  proportions  is  very  near  that 
above  affigned. 

But  it  is  to  be  noted,  that  the  rule, 
which  is  here  laid  down,  is  true  only  up- 
on fuppofition  that  the  eccentricity  i^ 

exceeding 
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exceeding  finall.  There  Is  another  rule 
derived  from  a  different  method,  which 
prcluppoieis  the  knowledge  of  the  quan- 
tity of  the  mean  eccentricity  ;  and 
which  will  not  only  determine  the  vari- 
ation of  the  eccentricity  according  to  the 
laws  of  gravity,  with  greater  exadncis, 
but  Icrve  aifo  to  corred  an  hypothefis 
in  the  liiodern  theories  of  the  Moon,  in 
which  their  greateft  error  leems  to  con- 
fift ;  ind  that  is,  in  placing  the  earth  in 
the  focus  of  that  ellipfis,  which  is  defcri- 
bed  on  the  extreme  diameters  of  the  lunar 
orbit;  whereas  it  ought  to  be  in  a  certain 
point  nearer  the  perigee,  as  I  may  have 
occafion  to  explain  more  fully  hereafter. 

The  greateft  and  leaft  eccentricity 
being   determined ;    the  equant 
for  the  motion  of  the  Sun  from   tJAl^^T'"" 
the  apogee  is  an  ellipfis,  whole 
greater  and  leffer  axes  are  the  greateft 
and  leaft  eccentricities  :   and  therefore^ 
by  the  property  of  fuch  an   equant  as 
before  laid  down. 

The  fine  of  the  greateft  equation  of 
the  apogee  will  be  to  the  radius ^  as  the 
difference  of  the  axes  of  the  equant  is  td 
their  fum ;  that  is^  as  the  difference  of 
the  greateft  and  leaft  eccentricities  to 
their  fum. 

G  *  ¥o^ 
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For  example,  fince  the  difference  is 
to  the  fum  as  29  to  136,  by  what  was 
determined  in  the  foregoing  article,  the 
greateft  equation  of  the  .apogee  will 
be  about  1 1^  1 8'.  40".  Sir  Ifaac  New^ 
ton  has  determined  it  from  the  obfcrva- 
tions  to  be  iz*.  i8'* 

The  greateft  and  leaft  eccentricities 
being  determined ;  the  eccentricity  and 
equation  of  the  apogee,  in  any  given  af- 
peft  of  the  Sun,  are  determined  by  the 
equant,  in  the  following  manner. 

Let  TN he  the  greateft  eccentrici- 
Fig  i.  ty,  TH  the  leaft,  the  ellipfis  on  the 
femi-axes  TN  and  77/,  the  equant 
for  the  motion  of  the  apogee. 

Then  if  the  angle  NTF^  be  made 
equal  to  the  mean  diftancc  or  mean  mo- 
tion of  the  Sun  from  the  apogee,  the 
angle  NTB  will  be  the  true  dilknce 
or  motion  of  the  Sun  from  the  apogee; 
the  difference  BTFj  the  equation  of 
the  apogee;  and  the  ray  JjB,  the  eccen- 
tricity of  the  orbit,  in  that  alpeft  of  the 
Sun  to  the  apogee  defigned  by  the  an- 
gle NTB.    Hence  arifes  this  rule. 

The  tangent  of  the  mean  diftancey 
viz.  NTF,  is  to  the  tangent  of  the  true 
diftance  NTB,  V»  the  given  fro^ort  ion  of 

the 
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the  great  eft  eccentricity  TN  to  the  leafi 
TH,  that  isyds  165  to  107. 

From  what  has  been  laid  down  con- 
cerning the  general  property  of  an  e- 
<|uant,  that  it  is  a  curve  line  delcribed 
about  the  center,  whole  rays  are  reci- 
procally in  the  iiibduplicate  proportion 
of  the  velocity  at  the  center,  or  the  ve- 
locity of  revolution,  it  will  not  be  dif- 
ficult to  deicribe  the  proper  curve  for 
any  niotion  that  is  propofed;  and  where 
the  inequality  of  the  moticm  throughout 
the  revolution  is  but  finall,  there  is  no 
need  of  any  nice  or  icrupulous  exadneis 
in  the  quadrature  of  the  curve  for  (hew- 
ing what  the  equation  is.    Thus  all  the 
finall  annual  equations  of  the  Moon's 
motion  arifing  from  the  different  diftan- 
ces  of  the  Sun^  at  different  times  of  the 
year,  may  be  reduced  to  one  rule  exaft 
enough  for  the  purpole. 

For  fincethe  Sun's  force  to  create 
thefe  annual  alterations,  is  reciprocally 
in  the  triplicate  proportion  of  the  di- 
ftance;  the  rays  of  the  equant  for  filch 
a  motion,  will  be  in  the  feiquiplicate  pro^ 
portion  of  the  diftance.  From  whence  it 
will  not  be  difficult  to  prove,  that  if  the 
revolution  of  the  motion  to  be  equated, 
were  performed  in  the  time  of  the  Sun's 
revolution,  the  equation  would  be  to  the 
C  3  equation 
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equation  of  the  Sun's  center,  nearly  as  i 
to  2  :  and  lb  if  the  force  decreafed  as 
any  other  power  of  the  Sun's  diftancc, 
fuppofe  that  whofe  index  is  Wy  the  e- 
quation  would  be  to  that  of  the  Sun's 
center  as ;«  to  2,     But  if  the  motion  be 
performed  in  any  other  period,  the  equa- 
tion will  be  more  or  lefs,  in  the  proporti- 
on of  the  period  of  the  revolution  to 
the  Sun,  to  the  period  of  the  revolution 
of  the  motion  to  be  equated.     Thus  i[ 
it  were  the  node  or  apogee  of  the  Moon's 
orbit,  the  equation  is  to  the  former  as 
the  period  of  the  Sun  to  the  node  or 
apogee,  to  the  period  of  the  node  or  apo- 
gee.   Which  rule  makes  the  greateft  e- 
q[uation  for  the  node  about  8*.  56  ,  be- 
ing a  fmall  matter  lefs  than  that  in  Sir 
Ifaac  Newton's  theory ;  and  the  greateft 
equation  for  the  apogee  about  2 1 '.  5  7", 
being  fomething  larger  than  that  in  the 
iame  theory. 

The  like  rule  will  ferve  for  the  an- 
nual equation  of  the  Moon's  mean  mo- 
tion. If  inftead  of  the  equation  for  the 
Sun's  center,  another  fmall  equation  be 
taken  in  proportion  to  it  as  the  force,  by 
Sir  Ifaac  Ixewton  called  the  mean  fo- 
iar  force,  to  the  force  of  the  Moon's  gra- 
vity, or  as  47  to  8400  ;  the  laid  equa- 
tion increaled  in  the  proportion  of  the 
■  .  Sun'^ 
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Sun's  period  to  the  mean  lynodical  pe- 
riod of  the  Moon  to  the  Sun,  or  of  99 
to  8,  will  be  the  annual  equation  of  the 
Moon's  mean  motion.  According  to  this, 
the  equation,  when  greateft,  will  be 
12'.  5". 

What  is  laid  may  be  fufficient  fc^ 
the  prefent  purpole,  which  is  only  to 
lay  down  the  principal  laws  and  rules 
of  the  feveral  motions  of  the  Moon, 
according  to  gravity.  Some  other 
propofitions,  which  feem  no  lefs  necef* 
lary  than  the  former,  for  compleating 
the  theory  of  the  Moon's  motion,  als  to 
its  aftronomical  ufe,Trelerve  to  another 
time. 

But  to  make  ibme  amends  for  the 
ftiortnefi  and  confufednefs  of  the  pre- 
ceeding  propofitions,  I  ftiall  add  one 
example  to  fliew  the  ule  of  the  equant 
more  at  large,  in  what  is  commonly  cal- 
led the  folution  of  the  Keplerian  pro- 
blem; that  being  one  of  the  things 
which  I  propofed  to  explain,  when  the 
elements  for  the  theory  of  the  Moon 
were  advertifed. 


C  4  An 
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Jin  example  of  the  ufe  of  the  e^umtin 
fnding  the  efuation  of  the  center. 

Fig.  |.  X  ET  the  figiirc  jfD^  be  the  orbit 
JLi  in  which  a  body  revolves,  dc- 
kribing  equal  areas  in  equal  times  by 
lines  drawn  from  a  given  point  S ;  and 
kt  ic  be  proposed  to  find  the  equant  for 
the  apparent  motion  of  the  laid  body, 
about  any  other  place  within  the  orbit, 
luppofc  F. 

Let  there  be  a  line  FR  indefim*tely 
produced,  which  revolves  with  the  body 
as  it  moves  through  the  arch  AR  \  and 
in  the  faid  line  take  a  ^ift^uice  Fp^ 
which  fhall  be  to  FR^  the  diftance  of 
the  body  from  the  given  point  i%  in  the 
iiibduplicate  proportion  of  the  perpen- 
dicular let  fall  upon  the  tangent  of  the 
orbit  at  R  from  the  point  4$*,  to  the  per- 
pendicular on  the  laid  tangent  let  fall 
from  the  given  point  F;  and  the  curvi- 
linear figure,  defcrib'd  by  the  point/,  io 
taken  every  where,  will  be  the  equant 
for  the  motion  of  the  body  about  the 
point  F. 

For  fince  the  areas  delcribed  at  the 
diftances  Fp  and  FR  are  in  the  dupli- 
cate 
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catc  proportion  of  thofc  lines,  that  is,  by 
the  conftrudion,  in  the  proportion  of  the 
perpeqdiculaurs  on  the  tangents  let  fall 
from  S  and  F^  the  areas  which  the 
body  defcribes,  in  moving  through  the 
arch  AR  about  the  points  S  and  jp,  arc 
in    the  proportion  of  the  lame  per- 
pendiculars.    And  therefore  the   area 
delcribed  by  the  revolution  of  the  line 
Fp  in  the  figure,  will  be  equal  to  that 
which  is  delcribed  by  the  revolution  of 
tiie  line  SR  in  the  orbit.    So  that  the 
areas  delcribed  in  the  figure  will  be 
equal  in  equal  times,  as  they  are  in  the 
od>it.     And  confajuently  the  rays  Fp 
of  the  figure  will  conftantly  be  in  the 
ftibduplicatc  proportion  of  the  velocity 
of  the  motion,  as  it  appears  at  the  center 
JF,  whkhis  the  property  of  the  eqoant^ 
Fkom  whidi  conftrudion,  it  will  be 
caly  to  ihew,  that  in  the  cale  vihcrc  a  bo» 
dy  dielcribes  equal  areas  in  equal  times 
about  a  fixed  point,  there  may  be  a  place 
found  out  within  the  orbit,  about  whidi 
the  body  will  appear  to  revolve  with  a 
motion  more  uniform  than  about  any 
other  place. 

Thus  liippofe  the  orbit  ^©  T  was 
a  figure,  wherein  the  remoteft  and  nea- 
reft  apfis  A  and  ^  were  diametrically  op- 
pofite,  in  a  line  paifing  through  the  point 
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Sf  viz^  the  point  about  which  the  equal 
areas  are  delcribed ;  then  if  the  point  F 
be  taken  at  the  fame  diftance  from  the 
remoteft  apfis  A^  as  the  point  4$*  is  from 
the  neareft  apfis  ^,  the  faid  center  F 
will  be  the  place,  about  which  the  body 
will  appear  to  have  the  moft  uniform 
motion.  For  in  this  cafe  the  point  F 
will  be  in  the  middle  of  the  figure  LpDly 
which  is  the  equant  for  thf  motion  a- 
bout  that  point.  So  that  the  body  wiJl 
appear  to  move  about  the  center  i%  as 
fwift  when  it  is  in  its  floweft  motion  in 
the  remoter  apfis  ji^  as  it  does  when  it 
is  in  its  fwifteft  motion  in  the  neareft 
apfis  ^. 

For  by  the  conftruftion,  when  the 
body  is  at  A^  the  ray  of  the  equant  FL 
is  a  mean  proportional  between  AF  and 
AS'^  and  when  the  body  is  at  ^,  the 
ray  of  the  equant  F/  is  a,  mean  propor- 
tional between  the  two  diftances  ^S 
and  ^Fj  which  are  relpeftively  equal 
to.  the  former, 

A  N  D  in  like  manner  in  an  orbit  of 
any  other  given  form,  a  place  may  be 
found  about  which  the  motion  is  moft 
regular. 

I F  what  has  been  laid  be  applied  to 
the  cafe  of  a  body  revolving  in  an  el- 
liptic orbit,  and  defcribing  equal  area? 

in 
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in  equal  times  about  one  of  the  foci, 
as  is  the  cafe  of  a  planet  about  the  Sun, 
and  a  fecondary  planet  about  the  pri- 
mary one ;  it  willlcrve  to  fhew  the  foun- 
dation of  the  feveral  hypothefes  and 
rules  which  have  been  invented  by  the 
modern  Aftronomers,  for  the  equating  of 
fuch  motions;  and  likewife  fhew  how 
far  each  of  them  are  deficient  or  im- 
perfect. 

F  o  R  if  the  ellipfis  AT>  ^  be  the 
orbit  of  a  planet  delcribing  equal  areas 
about  the  Sun  in  the  focus  Sy  the  other 
focus,  fuppoie  Fj  will  be  the  place  a- 
bout  which  the  motion  is  moft  regular, 
from  what  has  been  already  faid  ;  that 
focus  being  at  the  fame  diftance  from 
the  aphelion  y^,  as  the  Sun  at  S  is  from 
the  perihelion  ^P.  And  by  the  con- 
ftrudion,  each  ray  {Fp)  of  the  equant 
will  always  be  a  mean  proportional  be- 
tween FR  and  R  5,  the  two  diftances 
of  the  planet  from  the  two  foci,  in  that 
place  where  the  ray  Fp  is  taken.  For  the 
rays  SK  and  RF^  making  equal  angles 
with  the  tangent  at  ii,  by  the  property 
of  the  ellipfis,  are  in  the  proportion  of 
the  perpendiculars  from  5  and  F,  let  fall 
on  thoie  tangents.  And  therefore  Fp 
being  to  FR.  in  the  fubduplicate  pro- 
portion 


Digitized  byVjOOQlC 


[44] 

portioii  of  SR  to  FR^  it  will  be  a  mesqi 
pioporti<xial  between  thofe  diftaiices. 

!•  Hence  when  the  planet  is  in  the 
aphelion  jij  or  perihelicm  ?^  the  rays  d 
the  equant  FL  and  Fi  are  the  fhortefi^ 
each  being  equal  to  CDy  the  lefler  lemi- 
axis  of  the  ortnt :  For  by  the  property 
of  the  ellif^)  the  redangle  of  the  ex- 
tream  diflances  from  the  focus  is  equal 
to  the  Iquare  of  the  lefler  iemi-axis. 

2.  When  the  planet  is  at  its  mean 
diftance  from  the  Sun  in  jD  or  4/,  the  ex- 
tremities of  the  lefler  axis,  the  equant 
cuts  the  orbit  in  the  £une  place ;  the  rays 
of  the  equant  being  then  the  loqgeft, 
being  eac^  equal  to  the  greater  iemi-ax& 
CJ.  For  in  thofe  points  of  the  orbit, 
the  diftances  firom  the  foci  and  the  mean 
proportbnal  are  die  £une« 

Prom  which  form  of  the  equant^it^ 
appears, 

I.  That  the  velocity  of  the  revoluti- 
on about  the  focus  F  diminilhes,  in  the 
motion  c^  the  planet  fr<»n  the  a^didi- 
on  or  perihelion  to  the  mean  diibnce; 
and  increafes  in  pafling  from  the  mean 
diftance  to  the  perihelion  or  aphelion. 
For  the  rays  of  the  equant  increafe  in 
the  firftcafe,  and  diminiih  in  the  latter ; 
and  the  velocity  of  revolution  incr eaies 

in 
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in  the  duplicate  proportion,  as  the  rayt 
diminifii. 

2.  In  any  place  of  the  orbit,  fiippofe 
Rj  the  velocity  of  the  revolution  about 
the  focus  F,  is  in  proportion  to  the  mean 
velocity,  as  the  redangle  of  the  femi-axes 
of  the  orbit  C©  and  CJ^  to  the  redan- 
gle  of  the  focal  diftances  RF  and  RS. 
For  the  equant  and  the  orbit,  being  fi- 
gures of  the  lame  area,  are  each  equal 
to  a  circle,  whole  radius  is  a  mean  pro- 
portional between  thetwolemi-axes  CD 
and  CJ.  But  the  mean  motion  about 
the  focus  F,  is  in  thofc  places,  where  the 
laid  circle  cuts  the  equant;  and  in  other 
places,  the  velocity  of  the  revolution  is 
reciprocally  as  the  Iquare  of  the  di- 
ftance,  that  is,  reciprocally  as  the  redan- 
gle  of  the  focal  diftances  R  F  and  R  S. 

3.  So  that  the  planet  is  in  its  mean 
velocity  of  revolution  about  the  focus 
Fy  in  four  places  of  the  orbit,  that  is,, 
where  the  redanglc  of  the  focal  dif* 
tances  is  equal  to  the  redangle  of  the 
fcmi-axes ;  which  places  in  orbits  nearly 
circular,  liich  as  thofe  of  the  planets,  arc 
about  45  degrees  from  the  aphelion  or 
perihelion ;  but  may  be  alligned  in  general, 
if  need  be,  by  taking  a  point  in  the  orbit^ 
luppofe  Ry  whofe  neareft  diftance  from 
the  leffcr  axis  of  the  orbit  CD  is  to  the 

longer 
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longer  iemi-axis  CJ^  in  the  Ibbdaplicate 
proportion  of  the  longer  axis  to  the  fumof 
the  two  zxe^  s  ^^  niay  be  eafily  proved* 

What  has  been  faid,  may  be  enough 
to  Ihew  the  form  of  the  equant,  and 
the  manner  of  the  motion  about  the 
upper  focus  in  general.  But  the  pre- 
cife  determination  of  the  inequality  of 
the  motion,  requires  the  knowledge  of 
the  quadrature  of  the  ftveral  ledors 
of  the  equant,  or  at  leaft^  if  any  o- 
ther  method  be  taken,  of  that  which 
is  equivalent  to  fuch  a  quadrature. 

There  are  divers  methods  for  fliewing 
the  relation  between  the  mean  and  true 
motion  of  a  planet  round  the  Sun,  or 
round  the  other  focus,  Ibme  more  exad 
than  others.  But  the  following  feems 
the  moft  proper  for  exhibiting  in  one 
view,  all  the  fcveral  hypothcles,  and 
rules,  which  are  in  common  ule  in  the 
modern  Aftronomy,  whereby  it  may 
eafily  appear,  how  far  they  agree  or  dif- 
fer from  each  other,  and  how  much  each 
of  them  errs  from  the  precilc  determi- 
nation of  the  motion,  according  to  the 
true  law  of  an  equal  defcripfion  of  areas 
about  the  Sun. 

Upon  the  center  F  deicribe  the  cU 
lipfis  L  NI,  equal  and  fimilar  to  the  el- 
liptic orbit  A'DTy  but  haying  its  axes 


Digitized  byVjOOQlC 


[  47  ] 

FN  and  FL  contrarily  pofited,  that  w^ 
the  ftiorter  axis  LF  lying  in  the  lon- 
ger axis  of  the  orbit  /4Py  and  the  lon- 
ger axis  FN  parallel  to  the  ftiorter  CT>. 
Let  the  focus  of  the  laid  cUipfis  be  in  /• 
And  fuppofe  two  other  ellipfis  L  -5/  and 
JLfly  to  be  drawn  upon  the  common 
axis  L  /,  one  pafEng  through  the  point 
JSj  where  the  perpendicular  FN  inter- 
fcQis  the  orbit,  and  the  other  through 
the  focus  f.     Let  the  line  FR^  leyoU 
ving  with  the  planet  in  the  orbit,  be  in-* 
definitely  produced,  till  it  interfcd  the 
fir  ft  ellipfis  LN/  (which  was  fimilar 
to  the  orbit)  in  ^,  the  equant  inj^,  and 
the  ellipfis  LB  I  (drawn  through  the 
interfeftion  /?,)  in  K,  From  the  point  K 
let  fall  KH  perpendicular  to  the  line 
of  apfides  qA  P,  and  let  it  be  produced 
till  it  interfeft  the  firft  ellipfis  LN/  in 
O,  and  the  ellipfis  Z///  (pafling  through 
the  focus  /)  in  E.     And  laftly,  in  the 
ellipfis  LN/y  let  GM  be  an  ordinate 
equal  and  parallel  to  EH^     In  which 
conftrudion  it  is  to  be  noted,  that  the 
ellipfis  LflznA  LB/ are  fiippofed   as 
drawn   only   to   divide  the  line  OKH 
in  given  proportions,  that  KH  may  be 
toOHy  as  the  latus  redum  of  the  orbit  to 
the  tranfverleaxis;  and  that  EHoxGM^ 
the  bafe  of  the  elliptic  iegmeik  GLM^ 

may 
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maybe  to  0  Jf,  as  the  diftance  of  the  foci 
to  the  tranfverfc  axis* 

Which  being  premifed,  it  will  be 
cafy  to  prove,  that  the  fcGtorfFL  in  the 
equant,  or,  which  is  the  fame  thing,  the 
ledor  R  SJ  in  the  orbit,  is  equal  to  the 
curvilinear  area  OKFMGj  that  is,  equal 
to  the  elliptic  feftor  @JPLj  dcdufidng 
the  legment  LMG^  and  adding  or  iub- 
duding  the  trilinear  ipace  §lKOy  ac- 
cording as  the  angle  RFj^  is  lels  or 
greater  than  a  right  angle.  Wherein  it  is 
to  be  noted,  that  thefe  figns  of  addition 
and  fubdudion  are  to  be  ufed  in  gencn 
ral,  if  the  angle  j4FR  is  taken  from 
the  aphelion  in  the  firft  iemi^circle,  but 
towards  the  aphelion  in  the  latter  iemi- 
circle.  But  if  the  angle  JFR  be  takea 
the  fame  way  throughout  the  whole  re- 
volution, as  is  the  method  in  Aftronomi- 
cal  calculations,  then  thefegment  and 
the  trilinear  ipace  •  in  the  latter  iemi-cir- 
cle  muft  be  taken  with  the  contrary 
figns  to  what  are  laid  down. 

H  E  K  c  E  it  appears,  that  the  inequality 
in  the  motion  of  a  planet  about  the  up- 
per  focus  F,  confiib  of  three  parts. 

I.  The  firft  and  principal  of  which  is 
the  inequality  in  the  alteration  of  the  an- 
gle Qj^Ly  in  making  equal  areas  in  the 

ellipfis 
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cUipfis  L  Nl     For  if  a  circle  equal  t6 
the  ellipfis  be  delcribed  upon  the  cen-  ^^^*  '* 
ter  Fy  fince  the  radius   (being  a  mean 
proportional  between  the  two  lemi-axes) 
will  fall   without  the  ellipfis  about  the 
line  of  apfides,  and  within  it  about  the 
middle    diftances,   the    angle   ^FL^ 
which  is  proportional  to  the  area  de- 
lcribed in  the  circle,  will  therefore  in- 
creale  fafter  about  the  line  of  apfides, 
and  flower  about  the  middle  diftances, 
in  delcribing  equal  areas  in  the  ellipfis, 
than  it  ought  to  do  in  the  hypothehs  of 
Bifliop  Wardy  who  makes  the  planet  re- 
volve uniformly  about  the  focus.     The 
equation  to  rectify  this  inequality  is  de- 
termined by  the  following  rule. 

The  tangent  of  the  angle  ^IFL^  h 
to  the  tangent  of  the  angle  in  the  circle 
including  the  laine  area,  as  the  longer 
axiST  of  the  ellipfis  to  the  Ihorter  axis^ 
and  the  difference  of  the  angles,  whofc 
tangents  arc  in  this  proportion,  is  the  c- 
quation ;  as  is  manifcft  from  what  was  be- 
fore faid  on  the  properties  of  an  ellip^ 
tic  equant.  From  the  fame  it  alio  fol- 
lows, that 

I.  The  greateft  equation  is  an  arigle^ 

whole  fine  is  to  the  radius  as  the  difference 

of  the  axes  to  their  fum,  or,  which  is  the 

fame  thing,  as  the  iquare  of  the  diftance 
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of  the  foci,  to  the  Iquare  of  half  the  fiim 
of  the  axes.  So  that  in  cUipfis  nearly 
circular,  of  different  eccentricities,  tWs 
greateft  equation  will  vary  nearly  in 
the  duplicate  proportion  of  the  eccentri- 
city. 

2.  In  elUpfis  nearly  circular,  the 
equation  at  any  given  angle  §U^L^  is 
to  the  greateft  equation,  nearly  aa  the 
fine  of  the  double  of  the  given  angle  to  the 
radius  j  which  follows  from  hence,  that  the 
equation  is  the  difference  of  two  angles, 
whole  tangents  are  in  a  given  proporti- 
on, and  nearly  equal. 

3.  Thi?  equation  adds  to  the  meaa 
motion  in  the  firft  and  third  quadrant 
of  mean  anomaly,  and  fubduds  in  the 
lecond  and  fourth ;  as  will  eafily  appear 
from  that  the  line  ^F,  in  defcribing 
equal  areas  in  the  ellipfis,  makes  the  an- 
gle to  the  line  of  the  apfides,  leis  acute 
than  it  would  be  in  an  uniform  revolution. 

This  is  the  equation  which  is  ac- 
counted for  in  the  hypothefis  of  Bullial^ 
dus.  For  he  fuppofes  the  motion  of  the 
planet  in  its  orbit  to  be  lb  regulated 
about  the  upper  focus,  that  the  tangents 
of  the  angles,  from  the  lines  of  ap- 
fides, Ihall  always  be  to  the  tangents 
of  the  angles  anlwering  to  the  mean  ano- 
maly, in,  the  proportion  of  the  ordinates 

in 
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iix  the  ^dlipfis  to  the  ordinates  in  the 
circle  circumlcribed ;  which  in  effed  is 
the  lame,  as  if  he  had  made  the  trac 
equant  for  its  motion  about. the  focus  F^ 
to  be  the  ellipfis  as  above  delcribed. ' 

The  lame  equation  is  alio  uled  by 
Sir  Ifaac  Newton^  in  his  Iblution  of  the 
Kepler ian  problem j  in  the  fcholium  to 
tbe  31ft  prop,  of  the  ift  book,  and  is 
there  defigned  by  the  letter  V. 
.  But  fince  the  true  equant  LT>  I  co- 
incides with  the  elliptic  equant  in  the 
extremities  of  the  fljorter  axis  at  L  and  /, 
arrd  falls  within  the  lame  at  its  inter- 
fc^ion  with  the  longer  axis  FNy  it  fol- 
lows, that  the  motion  of  the  planet  in  the 
femi-circtc  about  the  aphelion,  is  fwift- 
cr  than  according  to  the  hypothefis  of 
4n  equal  delcription  of  areas  in  the  el- 
lipfis LN/j  and  for  the  j(ame  realbn 
flower  in  the  other  Icmi-circle  about  the 
perihelion  ;  the  velocity  about  the  cen- 
ter jF  being,  always  reciprocally  in  the 
duplicate  proportion  of  the  diftance. 
.  Which  leads  to  the  lecond  part  of  the 
inequality  of  the  motion  about  the  focus. 

II.  The  equation  to  redify  this  inep 
quality,  is  an  angle  anl\vering  to  thefcg- 
ment  G LM\  which  angle  is  to  be  ad- 
ded to  the  mean  anomaly,  to  make  th^ 
area  of  the  elliptic  fedor  ^FL.        ,, 
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This  angle  or  equation  is  deterrai- 
ncd  by  the  following  rule.  Let  il  be  an 
angle  fubtended  by  an  arch  equal  in 
length  to  the  radius  of  the  circle,  viz. 
5  7,2  9  5  7  8  degrees ;  and  let  A  be  an  angle, 
whole  fine  is  to  the  radius  as  GMy  the 
bale  of  the  legment,  to  FNthefcmi" 
tranfverle  axis  j  alio  let  B  be  an  arch 
in  proportion  to  R,  as  the  fine  of  the 
double  of  the  angle  j4  to  the  radius : 
Then  the  equation  for  the  iegment  will 
be  equal  to  ^ — ^B. 

This  equation  is  at  its  maximum, 
when  the  angle  LF^  is  a  right  angle; 
the  hafe  of  the  fcgment  becoming  equal 
to  Ffy  half  the  diftanceof  the  foci,  and 
the  angle  Jy  being  in  this  cafe  half  the 
angle  FDS'  formed  at  the  extremity  of 
the  lefler  axis,  and  fiibtended  by  FS^ 
the  diftance  of  the  foci ;  which  is  com- 
monly called  the  greateft  equation  of  the 
center.  And  confequently  the  arch  By 
in  this  cafe,  is  to  Rj  as  the  fine  of  the 
faid  greateft  equation  of  the  center,  is  to 
ih^*"  wdius.  So  that  according  to  this 
rule/  for  the  meafiire  of  the  fcgment,  it 
will  follow.  That 

/i.  This  greateft  equation  is  in 
proportion  to  the  greateft  equa- 
tion of  BuUialduSy  as  found  ia  the 
preceding  article  for  the  elliptic  eqiiant, 

nearly 
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nearly  as  three  times  the  tranfverfc  axis, 
to  eight  times  the  diftance  of  the  foci. 
Or,  othcrwifc,  the  greateft  equation  is 
to  the  angle  defigned  by  R^  as  twice  the 
cube  of  the  diftance  between  the  foci,  to 
three  times  the  cube  of  the  tranfverfc 
axis.  Either  of  which  rules  may  be  de- 
rived from  the  true  angle,  as  before  de- 
termined ;  or  by  taking  f  of  the  redan- 
gle  of  GM  and  LM,  the  bafe  and 
height  of  the  fcgment,  for  the  meafurc 
of  that  fegment. 

S  o  that  in  elliptic  orbits  nearly  cir- 
cular, this  greateft  equatic«i  for  the  ieg- 
meat  is  in  the  triplicate  proportion 
of  the  eccentricity. 

2.  This  equation  at  any  given  ^- 
gle  ^FLy  is  to  the  greateft  equation, 
in  the  triplicate  proportion  of  the  ordi- 
nate OH  to  the  fcmi-tranfverle  j  that 
is,  nearly  as  the  cube  of  the  fine  of  the 
mean  anomaly  joined  to  the  double  of 
BulUaUus's  equation  to  the  cube  of  the 
radius.  For  the  fegment  Gikf  L,  which 
is  proportional  to  the  equation,  is  in  the 
triplicate  proportion  of  its  t)^le  nearly ; 
and  the  bafe  is  proportional  to  the  ordi- 
nate O//,  by  the  conftruftion. 

But  the  ordinate  O  H  (in  a  circle 
delcribed  upon  the  radius  F  Ny)   be- 
comes the  fine  of  an  angle,  whole  tan- 
D  3  gent 
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gent  is  to  the  tangent  of  the  ar%le  ^FX, 
in  the  proportion  of  the  tranlVerfe  axi$ 
to  the  conjugate ;  but  the  tangent  of  the 
lame  angle  ^FL,  is  to  the  tangent  of  the 
mean  motion,  anfwering  to  the  area  of 
the  elliptic  equant  ^FL  in  the  fame 
proportion.  So  that  the  ordinate  OH 
is  to  the  fine  of  that  angle  of  mean  mo- 
tion, in  the  duplicate  of  the  laid  pro- 
portion ;  and  conlequently  the  ordinate 
O//,  in  the  circle  oh  the  radius  FN^  is 
the  fine  of  an  angle,  nearly  equal  to  the 
mean  anomaly  joined  to  the  double  of 
Bullialdus's  equation. 

J.  This  equation  adds  to  the  mean 
motion  in  palling  from  the  aphelion  to 
the  perihelion,  and  fubduds  in  paffing 
from  the  perihelion  to  the  aphelion ;  as 
is  evident  from  the  tranfit  of  the  point 
of  interftftion  E  round  the  periphery  of 
the  ellipfis  LfL 

In  Sir  Ifaac  Newtm's  rule  (in  the 
before-cited  fcholium  to  the  jift  prop. 
I  ft  book,)  the  angle  X  anfwers  to  this 
equation  for  the  fegment;  excepting 
that  it  is  there  taken  in  the  triplicate 
proportion  of  the  fine  of  the  mean  a- 
nomaly,  inftead  of  the  triplicate  propor*- 
tion  of  the  ordinate  OH.  The  error 
6fti>js  rule  makes 


III.  The 
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III.  The  third  part  of  the  Inequali- 
ty, anfvveringto  the  trilinear  fpace  OK^ 
being  the  difference  of  the  elliptic  fedor 
OF^  and  the  triangle  O  FK. 

The  fedor  O^F  is  proportional  to 
an  angle,  which  is  the  difference  of  two 
angles,  whole  tangents  are  in  the  gi- 
ven proportion  of  the  lemi-latus  redum 
FB  ^nd  the  lemi-tranfvcrle  FiV,  or  in 
the  duplicate  proportion  of  the  leffer 
axis  to  the  axis  of  the  orbit.  So  that 
this  ledor,  when  at  a  maximum,  is  as  an 
angle,  whole  fine  is  to  the  radius,  as 
the  difference  of  the  latus  redum  anc} 
tranfverle  to  their  lum ;  or  as  the  diffe- 
rence of  the  Iqviares  of  the  femi-axes  to 
their  liim. 

The  triangle  OFK  is  proportional 
to  the  redangle  of  the  ,  co-ordinates 
O  H  and  HF ;  that  is,  as  the  redan- 
gle  of  the  fine  OH  and  its  cofine,  in 
the  circle  on  the  radius  FiST;  or  as  the 
fine  of  the  double  of  that  angle,  whofe 
fine  is  OH ;  that  is,  the  double  of  the 
angle,  whole  tangent  is  to  the  tangent  of 
the  angle  ^FLj  in  the  given  ratio  of 
the  greater  to  the  leffer  axis  ;  or  whole 
tangent  is  the  tangent  of  the  angle  of 
mean  motion  anfwering  to  the  elliptic 
^edor^FL,  in  the  duplicate  of  the  faid 
D  4  ratio. 
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ratio.  But  this  triangle  OFKy  when  at 
^  maximum,  makes  an  angle  of  mean 
motion,  which  is  to  the  angle  called  -R, 
as  BNy  half  the  difference  between  the 
latus  reftum  and  tranfverle  axis,  is  to 
the  double  of  the  tranfvei'le  axis. 

So  that  the  fedor  or  triangle  in  orbits 
nearly  circular,  is  always  nearly  equal 
to  the  double  of  BulliaUus's  equation. 

The  triangle  and  ledor  being  thus 
determined,  the  equation  for  the  tri- 
linear  ipace  is  accordingly  determined. 
From  what  has  been  iiiid^  it  appears,  that 

I.  This   equation  for  the  trilinear 
fpace  OK^^  is  to  that  for  the  triangle 
OKFy  in  a  ratio  compounded  of  BNy 
the  difference  between  the  lemi-trant- 
verle  and  lemi-latus  reftum  to  the  femi- 
latus  redum,  and  of  the  duplicate  pro- 
portion of  the  fine  OH  to  the  radius ; 
or   OK^  is  to  OKFj  in  a  proportion 
compounded  of  the   duplicate  propor- 
tion of  the  diftance  of  the  foci  to  the 
Iquare  of  the  lelTer  axis,  and  the  dupli- 
cate proportion  4of  the  fine  OH  to  the 
radius.     For  the  trilinear  figure  OK^ 
and  the  trianglfe  OKFy  are  nearly  as 
OK ^nd  KHy  which  are  in  that  pro- 
portion ;    and  conlequently  it  holds  in 
this  proportion  to  the  double  of  ^f////- 
aldus's  equation. 

a.  Thi5 
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2.  This  equation,  in  different  angles, 
is  as  the  content  under  the  fine  comple- 
ment and  the  cube  of  the  fine.  For  the 
triangle  OKFj  is  as  the  redangle  of  the 
fine  and  the  fine  complement. 

3.  It  is  at  a  maximum,  at  an  angle 
whofe  fine  complement  is  to  the  radius, 
as  the  fquare  of  the  greater  axis  is  to  the 
fum  of  the  iquares  of  the  two  axes ; 
^yhich  in  orbits  nearly  circular,  is  about 
60  degrees  of  mean  anomaly. 

4.  In  orbits  of  different  eccentricities, 
it  increales  in  the  quadruplicate  propor- 
tion of  the  eccentricity. 

5.  It  obferves  the  contrary  figns  to 
that  for  the  elliptic  cquant,  called  JBir/- 
lialdus's  equation  ;  fubduding  from  the 
mean  motion  in  the  firft  and  third  qua- 
drants, and  adding  in  the  lecond  and 
fourth,  if  the  motion  is  reckoned  from 
the  aphelion. 

T  H  E  ule  of  theie  equations,  in  firid- 
ing  the  place  of  a  planet  from  the  upper 
focus,  will  appear  from  the  following 
rules,  which  are  eafily  proved  from 
what  has  been  laid. 

Let  f  be  equal  to  CA  the  fcmi- 
^ranfverfe,  c  equal  to  FC  the  diftance  of 
the  center  from  the  focus,  b  equal  to 
CD  the  femi-conjugate,  and  JR.  an 
angle  fubtended  by  an  arch  equal  to 

the 
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thp  radius,  viz.  57^  17'.  44  .  48  .  or 
57,  2957795  degrees.     Take  an  angle 

The  angle  T  be  will  the  greateft  c- 
quation  for  the  triangle  OFK ;  the  an- 
gle S  will  be  the  greateft  equation  for 
the  fegment  LMG  ;  and  the  angle  E 
will  be  the  greateft  eqpation  for  the  area 
OKFL.  Which  greateft  equatiqns  be- 
ing found,  the  equations  at  any  ^gle 
of  mean  anomaly,  will  be  determined  by 
the  following  rules. 

Let  M  be  the  mean  anomaly; 
and  let  r  be  to  2^  as  the  fine  of  the 
angle  zM  to  the  radius  :  In  which  pro- 
portion, as  alio  in  the  following, 
there  is  po  need  of  any  great  ex- 
adtnels,  it  being  fufficient  to  take  the 
proportions  in  round  numbers. 

Take  etoEas  the  fine  of  zM±ir  to 
the  radius ;  and  j  to  5  as  the  cube  of  the 
fine  of  -Af  ir  to  the  cube  of  the  radius^ 

Then  the  angle  §IFL  is  equal  to 
JV/+f +i",  in  the  firft  quadrant  LNy  0% 
il/— ^+j,  in  the  fecond  quadrant  iV/, 
or  ilf+f — 5  in  the  third  quadrant,  or 
M—e — s  in  the  fourth  quadrant. 

Note,  That  the  fmall  equation  r  is  al- 
ways of  the  lame  Cgn  with  the  equation  e\ 

an4 
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And  in  the  cafe  of  the  planets,  alway? 
near  the  double  of  that  equation. 

The  angle  RFA  at  the  upper  focus 
F  being  known,  the  angle  RSA  at  the 
Sun  in  the  other  focus,  is  found  by  the 
common  rule  of  Bifhop  fVard ;  viz.  the 
tangent  of  half  the  angle  RSA^  is  to  be  to 
the  tangent  of  half  the  angle  RFAy  al- 
ways in  the  given  proportion  of  the  pe- 
rihelion diftance  ST  to  the  aphelion  di- 
ftance  SA.  How  thele  equations  are  in 
the  leveral  eccentricities  of  the  Moon's 
orbit,  will  appear  by  the  following 
Table, 


Eccentr. 

E. 

s. 

t      n 

0.040 

1.25 

09 

0.045 

1.45 

15 

0.050 

2.09 

17 

0,055 

i.jeJ 

ij 

o.o(Jo 

x*o6 

50 

©•0^5 

5.38 

38 

0.070 

4.14 

47 

To  add  one  example ;  iuppofe  the  ec- 
centricity 0.060,  the  mean  anomaly  30^ 
The  fine  of  the  double  of  the  mean  ano- 
maly, that  is,  the  fine  of  60  is  to  the  ra- 
dius, nearly  as  87  to  100;  whence,  if  the 
equation  £=3 '.06",  be  divided  in  that 

propor- 
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proportion,  it  will  produce  1 40^'  near- 
ly, for  the  equation  e :  the  fine  of  Mi%y 
in  this  cafe,  equal  to  t  the  radius,  the 
cube  is  I  of  the  cube  of  the  radius ; 
whence  if  the  equation  iS=  30"  be  divi- 
ded in  the  lame  proportion,  it  will  pro- 
duce near  4'^  for  the  equation  s.  There- 
fore the  angle  RFJ^  which  is  M-i-e+s^ 
will  be    jc^2'.4+"  ;    and  the  half  is 

1  ^m'.iz"  ;  wherefore  if  the  tangent  of 
this  angle  be  diminilhed,  in  the  proportion 
of  1 ,06,  the  aphelion  diftance,  to  94  the 
pcrihelion.diftance,it  will  produce  the  tan- 
gent of  1 3^2 }'.  1 3  ";  the  double  of  which 

2  6^46'.  z6"y  is  the  true  anomaly  or  angle 
at  the  Sun  RS^.  And  confequently,  the 
equation  of  the  center  is  3M  3'.  34"  to  be 
liibduiled,  at  30  degrees  mean  anomaly. 

When  the  place  of  a  planet  is  found 
by  this,  or  any  other  method ;  the  place 
may  be  correded  to  any  degree  of  ex^ 
acbiels  by  the  common  property  of  the 
equant,  vi^.  that  the  rays  are  recipro- 
cally in  the  duplicate  proportion  of  the 
velocity  about  the  center.  For  in  this 
calc,  if  there  be  a  difference  between 
the  mean  motion  belonging  to  the  angle 
aiffiamed  at  the  upper  focus,  and  the 
given  mean  motkm,  the  enor  of  the  an- 
gle ajQS^med  is  to  the  difference,  as  the 
tedanglc  of  the  fepurax??  to  the  red- 

?ngle 
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angle  of  the  diftances  from  the  foci 
But  in  orbits  like  thofe  of  the  planets, 
the  rules  as  they  are  delivered  above 
are  fufficient  of  themfelves  without  fur- 
ther correftion* 


xo-v 


POSTSCRIPT.  > 

UPON  reviewing  thefe  few  ihcets 
after  they  were  printed  off^ 
which  happened  a  little  iboner 
than  I  expe^ed,  I  fear  the  apology  I 
have  offered  for  delivering  the  propor- 
tions relating  to  the  Moon's  motion,  iii 
this  rude  manner,  without  giving  any 
proof  of  them,  or  ib  much  as  mention- 
ing the  fundamental  principles  of  their 
demonftration,  will  Icarccly  pals  as  a  la- 
tisfadory  one  ;  elpccially  lince  there  arc 
among  thefe  propofitions,  Ibme  which,  I 
am  apt  to  think,  cannot  eafily  be  proved 
to  be  either  true  or  falfe,  by  any  methods 
which  are  now  in  common  ule. 

Wherefore  to  render  Ibme  latisfadi- 
on  in  this  article,  I  ftiall  add  a  few  words 
concerning  the  principles  from  whence 
thefe  propofitions,  and  others  of  the  like 

nature 
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imttire  are  derived :  and  alio  take  the  op* 
portiinity  to  lubjoin  a  few  remarks, 
which  ought  to  have  been  made  in  their 
proper  places. 

Firfiy  There  is  a  law  of  rpotion^ 
which  holds  in  the  cafe  where  a  body  is 
dcflededby  two  forces,  tending  conftant- 
ly  to  two  fixed  points. 

Which  is,  That  the  body^  infuch  d 
cafey  will  defcribe^  by  lines  drawn  from 
the  tvjojixt  point Sy  equal  folids  in  equal 
times  J  about  the  line  joining  the  [aid 
jixt  points. 

The  law  of  Kepler ^  that  bodies  de- 
fcribe  eqilal  areas  in  equal  times,  about 
the  center  of  their  revolution,  is  the  on*- 
ly  general  principle,  in  the  modern  do^ 
drine  of  centripetal  forces. 

But  fince  this  law,  as  Sir  Ifadc  New^ 
ton  has  proved,  cannot  hold,  whenever 
a  body  has  a  gravity  or  force  to  aixy 
other  than  one  and  the  iame  point ; 
there  feems  to  be  wanting  Ibme  iiich 
law  as  I  have  here  laid  down,  that  may 
ferve  to  explain  the  motions  of  the  Moon 
and  Satellites,  which  have  a  gravity  to- 
wards two  diflferent  centers. 

It  follows  as  a  corollary  to  the  law 
here  laid  down,  that  if  a  body,  gravr- 
tating  towards  two  fixt  centers,  be  liip- 
pofed,  for  given  Imall  intervals  of  time. 


Digitized  byVjOOQlC 


[«5] 

as  moving  in  a  plane  palling  through 
one  of  the  fixt  centers,  the  inclinati- 
on of  the  faid  plane,  to  the  line  join- 
ing the  centers,  will  vary  according  to 
the  area  delcribed ;  that  is,  if  the  area 
be  greater,  the  inclination  will  be  left ; 
and  if  the  area  be  left,  the  inclination 
will  be  greater,  in  order  to  make  the 
Iblids  equal. 

This  corollary,  when  rightly  applied, 
will  lerve  to  explain  the  variation  of  the 
inclination  of  the  plane  of  the  Moon's 
orbit  to  the  plane  of  the  ecliptic. 

And  how  extremely  difficult  it  is  to 
compute  the  variation  of  the  inclination 
in  any  particular  cafe,  without  the  know- 
ledge of  Ibme  liich  principle  as  this  is,  will 
beft  appear,  if  any  one  confider  the  in- 
tricacy of  the  calculations,  ufed  in  the 
corollaries  to  the  34  prop,  of  the  third 
book  of  the  ^rincipia^  in  order  to  ftate 
the  greateft  quantity  of  variation,  in  that 
month,  when  the  line  of  the  nodes  is  in 
quadrature  with  the  Sun,  and  that  only 
in  particular  Numbers,  whereby  it  is  de- 
teritiined  to  be  2 '.4  3". 

Whereas,  there  is  a  plain  and  general 
rule  in  this  cafe,  which  follows  from 
what  is  laid  down,  though  not  immedi- 
ately \  namely,  that  the  greateft  variation 
in  the  laid  pofition  of  the  Moon^s  orbit,  is 

to 
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to  the  mean  inclination  of  the  plane  as 
the  difference  of  the  greateft  and  leaft 
areas  defcribed  in  the  lame  time  by  the 
Moon  about  the  earth,  when  in  the  con- 
junction and  in  the  quarters  to  the  mean 
area. 

Wherefore,  if  S  be  to  L,  as  the  Sun's 
period  to  the  Moon's  period :  The  great- 
eft  area  is  to  the  leaft,  as  FSS+3LL  to 

Sy  or  as  S-k-lI^  to  S  nearly,  by  what 

is  laid  on  this  article  in  the  29  th  page. 
So  that  the  difference  of  areas  is  to  the 
mean  area,  as  iLL  to  SS+iLL  ;  and 
in  the  lame  proportion  is  the  greateft  vari- 
ation of  the  inclination  of  the  plane  in  this 
month  to  the  mean  inclination,  which  a- 
grees  nearly  with  Sir  I/aac's  computation. 

Secondly^  There  is  a  general  method 
for  affigning  the  laws  of  the  motion  of 
a  body  to  and  from  the  center,  abftra6dy 
confider'd,  from  its  motion  about  the 
center. 

The  motion  to  and  from  the  center  is 
called  by  Kepier  a  Libratory  motion  j  the 
knowledge  of  which  fecnis  abfolutely 
requifite,  to  define  the  laws  of  the  revcn 
lution  of  a  body,  in  relpedl  of  the  ap- 
fides  of  its  orbit. 

For  the  revolution  of  a  body,  from 
apfis  to  apfis,  is  performed  in  the  time 


o 
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of  the  whole  libratory  tnotion ;  the  ap* 
fides  of  the:  orbit  being   the   extreme^ 
points,   wherein  the   libratory    motion 
Ceafes. 

So  that,  according  to  this  method^ 
thd  mbtion  of  a  body  round  the  center, 
is  liot  Confider'd  as  a  continued  defledtion 
froiti  a  ftreight  line;  but  as  amotion 
compounded  of  a  circulatory  motion 
round  the  center,  and  a  rectilinear  mo- 
tion to  or  from  the  center. 

Each  of  which  motions  Require  a  pro- 
pjer  Equant.  Of  the  equant  for  the  ino- 
tXoxi  round  the  center,  I  hav6  already 
given  feveral  examples.  And  in  the  cafe 
of  all  motions,  which  are  governed  by 
a  gravity  .or  force  tending  to  a  iixt  point; 
the  real  orbit  in  which  the  body  moves, 
is  the  equant  for  this  motion.  In  all 
other  cafes  it  is  a  different  figure. 

TYic  Equant  for  the  libratory  motion, 
is  a  curve  line  figure,  the  areas  of  which 
ferve  to  fhew  the  time  wherein  the  feve- 
ral fpaces  of  the  libration  are  performed. 

Which  figure  is  to  be  determined,  by 
knowing  the  law  of  the  gravity  to  the 
center:  For  the  libratory  force,  to  acce- 
lerate or  retard  the  motion  to  or  from 
the  center,  is  the  difference  between 
the  gravity  of  the  body  to  thle  center, 
and  the  centrifugal  force  arifing  from 
E  the 
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the  circulatory  motbn*    But  the  latter 
Is  always  under  one  rule :  For  in  all  re- 
volutions round  a  center,  in  any  curve 
line,  whether  defcribed  by  a  centripetal 
I  centrifugal  force  is  di-^ 
plicate  proportion  of  the 
agiven  imall  time,  and 
he  triplicate  proportion 
which  is  an  immediate 
a  known  propofition  of 
The  like  proportioa  alfo 
holds  as  to  the  centripetal  force  in  all 
circular  motions,  from  a  known  propo- 
rtion of  Sir  I/aac  Newton.    But  whaiis 
tme  of  the  centripetal  force  in  circles, 
IS  univerlally  true  of  the  other  force  in 
orbits  of  any  form. 

So  that  by  knowing  the  gravity  of  Ae 
body,  (ince  the  other  force  is  always 
known,  the  diflference,  which  is  the  ab- 
folute  force  to  move  the  body  to  or  from 
the  center,  will  be  known;  and  from 
thence  die  velocity  of  the  motion,  and 
the  foace  defcribed  in  any  given  time, 
ixxay  be  found>  and  the  equant  defcribed. 
Thefe  hints  may  be  fufficient  to  fliew 
jvhat  the  method  is. 

To  add  an  example.  If  the  gravity 
be  reciprocally  as  the  fquare  of  the  dif- 
tance;  the  equant  for  the  libratory  mo- 
tigny  will  be  fqund  to    be  aa  cllipfis 

iimilar 
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fimiiar  to  the  orbit,  whole  longer  axis  ii 
the  double  of  the  eccentricity ;  me  center 
of  the  libratory  motion,  that  is  the  place 
where  it  is  Iwifteft,  will  be  in  the  focus; 
the  time  of  the  libration,  through  th6 
feveral  foaces,  is  to  be  meafured  by 
fedlors  of  the  faid  ellipfis,  fimiiar  to  thofe 
defcribed  by  the  body  round  the  focus 
of  the  orbit  j  and  the  period  of  the  li- 
bratory motion  will  be  the  fame  with 
the  period  of  the  revolution. 

In  any  other  law  of  gravity,  the  e- 
quaht  for  the  libratory  motion,  will  either 
be  of  a  form  different  from  the  orbit,  or 
If  it  be  of  the  fame  form,  it  muft  not 
be  fimilarly  divided. 

I  may  iuft  mention,  that  the  equant 
for  the  libratory  motion,  in  the  cafe  of 
|the  Moon,  is  a  curve  of  the  third  kind, 
or  whofe  equation  is  of  four  dimenfions  j 
but  is  tp  be  defcribed  by  an  ellipfis,  the 
pentcr  of  the  libration  not  being  in  the 
focus. 

From  this  method  of  refolving  the 
motion,  it  will  not  be  difficult  to  (hew 
the  general  caufe5  of  the  alteration  of  the 
eccentricity  and  inequality  in  the  motion 
6f  the  apogee.  For  when  the  line  of 
apfides  is  moving  towatds  the  Sun,  it 
may  be  eafily  fhewn,  that  fince  the  ex- 
ternal force  in  the  apfides,  is  then  centri- 
E  ,2  fugal, 
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fug^l,  it  will  contribute  to  Icngtiicn 
the  fpace  and  time  of  the  libration  ^  by 
lengthening  the  fpace,  it  increafts  the 
eccentricity ;  and  by  lengthening  the  timq 
of  the  libratipn,  it  prptra6ls  the  time  of 
fhc  revolution  to  the  apfis,  and  capffs 
what  is  improperly  call(?d  a  motion  of 
the  apfis  forward.  But  when  the  line 
of  apfides  is  moving  to  the  quadratures, 
the  external  fore?  in  the  apfide$,  is  at 
that  time  centripetal ;  which  will  cpn- 
tribute  to  fhor^en  the  fpace  and  time  of 
Jibration;  apd  by  ftiortening  the  fpace 
will  thereby  Jeflen  the  eccentricity,  and 
l)y  {hortening  f he  time  of  libration,  will 
thereby  contrad:  the  time  of  the  revolu- 
tion to  the  apfis ;  and  caufe  what  is  im- 
properly called  a  retrograde  piotion  of 
the  apfis, 

I  (hall  only  add  a  few  remarks,  which 
ought  to  have  been  made  in  their  proper 
places. 

As  to  the  motion  of  the  Moon  in  th^ 
elliptic  epicycle  (page  9.)  it  ftiould  have 
been  mentioned,  that  there  is  no  need 
of  any  accurate  apd  perfedl  defcription  of 
the  curve  called  an  ellipfis,  it  being  only 
to  (hew  the  elongation  of  the  Moon, 
from  the  center  of  the  epicycle ;  which 
doth  not  require  any  fuch  accurate  def- 
cription^ 

I? 
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r  It  (houlcj  have  been  fald,  that  when^^fr  i- 
the  Moon  is  in  any  place  of  itswhit, 
fuppofe  fomewhere  at  TV,  in  that  half 
of  the  orbit  which  is  next  the  Sun,  it 
then  being  nearer  the  Sun  than  the  Earth,, 
has  thereby  a  greater  gravity  to  the  Sua 
;han  the  Earth;  which  excefs  of  gravity^ 
according  to  Sir  Jfaac  Newton's  method, 
confifts  of  two  parts  ;  one  afting  in  the 
line  NFj  parallel  to  that  which  joins 
the  Earth  and  Sun;  and  the  other  adting, 
in  the  line  FB  direded  to  the  Earth ; 
and  thefe  two  f orceSj  being  compounded 
into  one,  make  a  force  diredted  in  the 
line  NB',  which  is  in  proportion  to  the 
force  of  gravity,  as    that  line   NB  is 
to  "TB  nearly*     Wherefore,  as  there  is 
a  force  conftantly  impelling  th?  Moon 
fomewhere  towards  the   poinf  B,  this 
force  is  fuppofed  to  infledt  the  motion 
of  the  Moon  into  a  curve  line  about 
that  point ;  for  the  fame  reafon  as  the 
gravity  of  it  to,  the  Earth,  is  fuppofed 
to  infledt  its  motion  into  a  curve  line 
about  the  Earth:  not  that  the  Moon 
c^n  adtually  have  fo  many  diftin<a  mo- 
tions, but  the  one  fimple  motion  of  the 
Moon  round  the  Sun  is  fuppofed  to  arife 
fromi  a   compofition   of  thefe   fev?ral 
motionso 
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In  the  kft  article  on  thefmaH  annual 
equations,  (ps^  38.)  thcfc  rules  ought 
to  have  been  added. 

Let  M  be  the  equation  of  the  Son's 
colter;  P  the  mean  periodical  time  of 
1^  node  or  apogee;  S  the  mean  lynodi- 
cai  time  of  the  Sun's  revolution  tp  the 

node  or  apogee :  Then  will  i^  /E.  be 

Ae  annual  eauatbn  of  the  node  or  apo- 
gee ,  accordmg  as  S  and  P  are  cx-r 
poun^d. 

The  like  rule  will  ferve  for  die  an- 
mial  equation  of  the  Moon's  mean  mo- 
don.  If  5  be  put  for  the  Sun's  period; 
P  for  the  mean  fynodical  period  of  the 
Moon  to  the  Sun ;  and  L  for  the  Moon  s 
period  to  the  Stars :  The  annual  equation 
of  the  Moon's  mean  motion   will  be 

%P^ 

According  to  thefe  rules  when  ex- 
pounded, the  equation  for  the  node  will 
be  found  to  be  always  in  proportion  to 
the  equation  of  the  Sun'3  centeri  nearly 
as  I  to  13. 

The  equation  of  the  apogee  to  the 
equation  of  the  Sun's  center,  as  10  to  53. 

And  the  equation  of  the  Moon's  mean 
motion  to  the  fame,  as  8  to  jj. 

It 
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It  iftay  be  throughout  obferved,  that 
t:He  propofitions  are  in  general  terms, 
io  as  to  ferve,  mutatis  mutandisy  for  any 
other  fatellite^  aa  well  aa  the  JVfooa 

There  might  have  been  feveral  othei^ 

ohfervations  and  remarks  made  in<  many 

other  places,  had  there  been  fufRcient 

time  tor  11    But  perhaps  what  I  havfc 

alteady  faid  may  be  too  much,  confider- 

sng  the  manner  in  wl^cli  it  is  delivered^ 


ERR  4TV  M. 
Page  II.  1.  IX*  for^h^  read  28^. 


FINISH. 
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RAGE  1,17.  fotdrawingy  xead  drm.  P-  '5^^  ^*  ^-^^> 
r.  iAB^  p.  1^4.  1.  7.  16,  20.  p.  165.  1.  9»  p*  ^V' 
7.  f.  rif  15t  line  wbofe  "power  h  the^aha  &c.  r.  right  Imi 
whtfe  fjudre  is  eqad  to  the  sreu  '&c.'  p. '  166.  1.  25,  i^  ^' 
rgfcr  /iiir  whofi  fower  is  the  reStarrgU  &C.  r.  right  line  whefr 
fiputre  is  eepid  to  the   reHangle  &c.  p.  19^*    h  23,  24* 

r.  y^"''  or  A^^^'  or  ^^*^^'  or  ^^"^3,   1.    29-  t- 

^f**        p.  203.  dele>/.  p.  229.  1.  penults  dele  is.  v* 
140.  I.  2d.  delewenr.  p.  243|,  1.  21.  f.  irfc«i.  x*  becaufe. 
p.  272.  1.  3.  r.  is  in  tbefamfraiik-  -  '  ^  ^ 

^VOLUME  11/       •   * 

PAGE  tf.  Line  21.  for  frx,  read  the.  p.  24.  1*  21. 
dele  f^.  2.  p.  50.  1.  7.  from  the  bottom,  f.  -P(f* 
5,  tf,  7.  r.  f/j^.  6,  7i  8,  and  fo  in  page  following,  p- 
95.  1.  4.  iFrom  the  bottom,  and  p.  100.  1-  5-  f*  jiverau- 
fois^  r.  Troy.  p.  130.  1.  28.  t.  and  the  watery  &c.  p.  14^* 
1.  14.  f.  and  the^  r.  and  iihofe.^  p.,  144..  L '^t.  f.  huts  T^ 
this.  p.  161.  \.  2.  f.  may^  r.  will.  p.  169.  K  6.i.leafoefor 
fome  time^  r.  W(>tt/W  otherwife  leave.  1.  2 1 .  r.  receding  from 
the  farts  of  the  body  where  it  is  frejfedy  &c.  p.  338.  1-  ?• 
f  Fig.  I.  r.  Fig.  2.  p.  341.  1.  1. 1  fif.  2.  r.  Fij.  3-  ? 
352.  J.  '  •»    ^       '    '         elliptic. 
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